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Scenario  Disclaimer 


The  scenarios  employed  in  this  report  have  been  selected  following  discussions  with 
regional  and  local  experts,  and  recommendations  from  the  Scenario  Development 
Workgroup  formed  in  March  2007.  These  scenarios  are  intended  to  provide  credible 
worst  case  impacts  for  individual  states.  They  are  not  meant  to  negate  or  diminish  the 
relevance  of  previous  or  future  scenarios  used  in  other  studies.  The  Central  United  States 
is  vulnerable  to  a  number  of  possible  credible  scenarios,  and  it  is  likely  that  the  damage 
and  loss  estimates  presented  in  this  report  are  different  from  other  credible  scenarios  in 
the  New  Madrid  Seismic  Zone  (NMSZ),  the  Wabash  Valley  Seismic  Zone  (WVSZ)  and 
the  East  Tennessee  Seismic  Zone  (ETSZ).  Neither  these  scenarios,  nor  others,  should  be 
considered  definitive.  They  represent  only  possible  earthquakes  and  corresponding 
damage  and  loss  for  the  eight  states  considered  hereafter.  Various  models  and  methods  of 
representing  damage  to  infrastructure,  shelter  requirements,  casualties,  and  economic 
losses  are  employed  in  the  simulated  earthquake  impact  process  and  lead  to  different 
results  according  to  different  modeling  assumptions.  Also,  the  social  impact  models  used 
throughout  this  study  have  not  been  calibrated  to  observations  from  catastrophic  events, 
but  rather  damaging  earthquakes,  solely  in  California.  Furthennore,  the  availability  of 
datasets  to  characterize  state  infrastructure  changes  with  time.  For  example,  population 
estimates  and  numbers  of  buildings  are  likely  to  be  different  based  on  the  year  in  which 
the  scenario  is  created  and  the  access  allowed  by  owners  of  datasets  to  the  detailed 
inventory.  The  sensitivity  (vulnerability)  of  assets  to  earthquake  shaking  may  be 
evaluated  in  many  different  ways,  and  different  methods  are  likely  to  lead  to  different 
levels  of  vulnerability.  Finally,  seismological  (hazard)  and  geotechnical  (site  soil)  effects, 
such  as  liquefaction,  significantly  affect  the  estimated  impact.  Characterizing 
seismological  hazard  and  soil  effects  is  non-unique;  hence,  assumptions  concerning  such 
effects  made  in  other  studies  may  lead  to  impact  estimates  that  are  different  from  those 
presented  hereafter.  When  considering  the  above  sources  of  uncertainty  in  the 
development  of  scenarios  (inventory,  vulnerability  and  hazard,  respectively)  no  single 
scenario  should  be  considered  to  be  an  exact  depiction  of  impacts  in  a  state  but  rather  as  a 
plausible  estimate  of  a  state’s  damage  and  loss. 

Additional  scenarios  outside  of  the  NMSZ  are  considered  for  the  States  of  Alabama  and 
Indiana.  An  ETSZ  earthquake  is  employed  for  Alabama  and  a  WVSZ  event  is  employed 
for  Indiana  and  Illinois.  The  ETSZ  hazard  was  approved  by  the  State  of  Alabama 
Geological  Survey  while  the  hazard  data  for  the  WVSZ  scenario  was  provided  by  the  U.S. 
Geological  Survey  (USGS).  These  additional  scenarios  represent  possible  events  in  the 
two  seismic  zones,  and  others  may  be  investigated.  Other  scenarios  are  expected  to 
provide  different  damage  and  loss  estimates  based  on  the  aforementioned  factors  in 
seismic  impact  assessment  modeling;  i.e.,  inventory,  vulnerability,  and  hazard.  Finally, 
all  numbers  in  this  report  should  be  viewed  as  indicative  of  the  possible  impact  provided 
for  the  purposes  of  emergency  response  planning  rather  than  as  definitive  figures  of 
expected  impact.  The  uncertainty  associated  with  all  numbers  provided  in  this  and  other 
earthquake  impact  assessment  reports  is  considerable.  At  the  current  state  of  knowledge 
of  hazard,  fragility,  inventory  and  aggregation  of  losses,  it  is  not  possible  to  quantify  the 
level  of  uncertainty  associated  with  the  impacts  provided  in  this  report. 
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Executive  Summary 


The  region  of  potential  impact  due  to  earthquake  activity  in  the  New  Madrid  Seismic 
Zone  (NMSZ)  is  comprised  of  eight  states:  Alabama,  Arkansas,  Illinois,  Indiana, 
Kentucky,  Mississippi,  Missouri  and  Tennessee.  Moreover,  the  Wabash  Valley  Seismic 
Zone  (WVSZ)  in  southern  Illinois  and  southeast  Indiana  and  the  East  Tennessee  Seismic 
Zone  in  eastern  Tennessee  and  northeastern  Alabama  constitute  significant  risk  of 
moderate -to-severe  earthquakes  throughout  the  central  region  of  the  USA.  The 
investigation  summarized  in  this  report  includes  earthquake  impact  assessment  scenarios 
completed  using  HAZUS-MH  MR2  for  several  potential  earthquake  scenarios  affecting 
the  aforementioned  eight-state  region.  The  NMSZ  includes  eight  scenarios  -  one  for  each 
state  -  whilst  the  WVSZ  scenario  in  Indiana  and  the  ETSZ  scenario  in  Alabama  complete 
the  suite  of  ten  total  scenarios.  These  ten  scenarios  are  designed  to  provide  scientifically- 
credible,  worst  case  damage  and  loss  estimates  for  the  purposes  of  emergency  planning, 
response  and  recovery. 

The  earthquake  impact  assessments  presented  in  this  report  employ  an  analysis 
methodology  comprising  three  major  components;  namely  hazard,  inventory  and  fragility 
(or  vulnerability).  The  hazard  characterizes  not  only  the  shaking  of  the  ground  but  also 
the  consequential  transient  and  pennanent  defonnation  of  the  ground  due  to  strong 
ground  shaking.  The  inventory  comprises  all  assets  in  a  specified  region,  including  the 
built  environment  and  population  data.  Fragility  or  vulnerability  functions  relate  the 
severity  of  shaking  to  the  likelihood  of  reaching  or  exceeding  damage  states  (light, 
moderate,  extensive  and  near-collapse,  for  example).  Social  impact  models  are  also 
included  in  the  current  assessment  methodology  and  employ  infrastructure  damage 
results  to  estimate  the  effects  on  populations  subjected  to  the  earthquake.  Whereas  the 
modeling  software  used  (HAZUS-MH  MR2,  FEMA-NIBS,  2006)  provides  default  values 
for  all  of  the  above,  most  of  these  default  values  were  replaced  by  components  of 
traceable  provenance  and  higher  reliability  than  the  default  data,  as  described  below. 

The  hazard  employed  in  this  investigation  includes  ground  shaking  for  three  seismic 
zones  and  various  events  within  those  zones.  The  NMSZ  consists  of  three  fault  segments: 
the  northeast  segment,  the  reelfoot  thrust  or  central  segment,  and  the  southwest  segment. 
Each  segment  comprises  a  deterministic,  magnitude  7.7  (Mw7.7)  earthquake  caused  by  a 
rupture  over  the  entire  length  of  the  segment.  The  employed  magnitude  was  provided  by 
US  Geological  Survey  (USGS).  The  NMSZ  represents  the  first  of  three  hazard  events 
utilized  in  this  report.  Two  detenninistic  events  are  also  included,  namely  a  magnitude 
Mw7.1  in  the  Wabash  Valley  Seismic  Zone  (WVSZ)  and  a  magnitude  Mw5.9  in  the  East 
Tennessee  Seismic  Zone  (ETSZ)  earthquakes.  Permanent  ground  deformation  is 
characterized  by  a  liquefaction  susceptibility  map  that  provides  data  for  part  of  the  eight 
states.  Full  liquefaction  susceptibility  maps  for  the  entire  region  are  still  under 
development  and  will  be  utilized  in  subsequent  phases  of  the  current  project. 

Inventory  is  enhanced  through  the  use  of  the  Homeland  Security  Infrastructure  Program 
(HSIP)  2007  Gold  Dataset  (NGA  Office  of  America,  2007).  This  dataset  contains  various 
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types  of  critical  infrastructure  that  are  key  inventory  components  for  earthquake  impact 
assessment.  Transportation  and  utility  facility  inventories  are  improved  while  regional 
natural  gas  and  oil  pipelines  are  added  to  the  inventory,  alongside  some  high  potential 
loss  facility  inventories.  Additional  essential  facilities  data  were  used  for  the  State  of 
Illinois  via  another  impact  assessment  project  at  the  Mid-America  Earthquake  Center, 
funded  by  FEMA  and  the  Illinois  Emergency  Management  Agency.  Existing  HAZUS- 
MH  MR2  fragility  functions  are  utilized  in  this  study  and  default  values  are  used  to 
determine  damage  likelihoods  for  all  infrastructure  components. 

The  results  indicate  that  the  State  of  Tennessee  incurs  the  highest  level  of  damage  and 
social  impacts.  Over  250,000  buildings  are  moderately  or  more  severely  damaged,  over 
260,000  people  are  displaced  and  well  over  60,000  casualties  (injuries  and  fatalities)  are 
expected.  Total  direct  economic  losses  surpass  $56  billion.  The  State  of  Missouri  also 
incurs  substantial  damage  and  loss,  though  estimates  are  less  than  those  in  Tennessee. 
Well  over  80,000  buildings  are  damaged  leaving  more  than  120,000  people  displaced  and 
causing  over  15,000  casualties.  Total  direct  economic  losses  in  Missouri  reach  nearly  $40 
billion.  Kentucky  and  Illinois  also  incur  significant  losses  with  total  direct  economic 
losses  reaching  approximately  $45  and  $35  billion,  respectively.  The  State  of  Arkansas 
incurs  nearly  $19  billion  in  direct  economic  loss  while  the  State  of  Mississippi  incurs 
$9.5  billion  in  direct  economic  losses.  States  such  as  Indiana  and  Alabama  experience 
limited  damage  and  loss  from  NMSZ  events  with  approximately  $1.5  and  $1.0  billion, 
respectively.  Noting  that  experience  confirms  that  the  indirect  economic  loss  due  to 
business  interpretation  and  loss  of  market  share,  amongst  other  features,  is  at  least  as  high 
if  not  much  higher  than  the  direct  economic  losses,  the  total  economic  impact  of  a  series 
of  NMSZ  earthquakes  is  likely  to  constitute  by  far  the  highest  economic  loss  due  to  a 
natural  disaster  in  the  USA. 

The  contents  of  this  report  provide  the  various  assumptions  used  to  arrive  at  the  impact 
estimates,  detailed  background  to  the  above  figures,  and  a  breakdown  of  the  figures  per 
sector  at  the  county  and  state  levels.  The  main  body  of  the  report  gives  state-level  impact 
assessments,  whilst  the  Appendices  give  earthquake  impact  modeling  results  at  the 
county  level.  The  results  are  designed  to  provide  emergency  managers  and  agencies  with 
information  required  to  establish  response  plans  based  on  likely  impacts  of  plausible 
earthquakes  in  the  central  USA. 
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Introduction 


Catastrophic  event  response  planning  assessments  are  underway,  led  by  the  Federal 
Emergency  Management  Agency  (FEMA).  The  effort  focuses  on  plausible  natural 
disasters  that  could  impact  the  nation.  Examples  of  these  catastrophic  events  include  a 
significant  earthquake  in  Los  Angeles,  California,  a  Category  V  hurricane  in  Miami, 
Florida,  and  a  magnitude  7.7  earthquake  in  the  New  Madrid  Seismic  Zone  (NMSZ). 

The  Mid-America  Earthquake  Center  (MAEC)  at  the  University  of  Illinois  and  the 
Institute  for  Crisis,  Disaster  and  Risk  Management  (ICDRM)  at  the  George  Washington 
University  in  Washington,  D.C.,  were  contracted  by  FEMA  through  the  U.S.  Army  Corps 
of  Engineers  to  study  earthquake  consequences  in  the  Central  USA.  This  project 
comprises  a  multi-phase  investigation  of  possible  earthquake  scenarios,  analytical 
earthquake  impact  assessments,  and  social  impact  estimates  that  will  assist  federal,  state, 
and  local  governments  to  develop  coordinated  response  plans  for  a  catastrophic 
earthquake  in  Central  USA.  The  primary  objective  of  this  multi-phase  project  is  to 
provide  scientifically  defensible  earthquake  impact  assessments  with  the  most  up-to-date 
hazard,  inventory  and  fragility  data  in  order  to  save  lives  and  protect  property.  Current 
social  impact  modeling  uses  the  earthquake  impact  assessment  results  to  create  the  best 
available  estimates  of  affected  population  and  the  various  requirements  for  the  care  of 
displaced  residents.  The  Project  Team  has  concluded  the  first  phase  of  the  earthquake 
impact  assessments  which  are  the  preliminary  estimates  of  direct  damage  to  infrastructure, 
social  impacts  and  economic  losses  for  the  individual  states  (reference  is  made  to  the 
Scenario  Disclaimer  above).  The  results  of  this  Phase  were  utilized  in  numerous 
earthquake  response  and  recovery  planning  workshops  at  the  local  and  state-level  by  the 
eight  Central  US  Earthquake  Consortium  (CUSEC)  member  states.  The  CUSEC  member 
states  are:  Alabama,  Arkansas,  Illinois,  Indiana,  Kentucky,  Mississippi,  Missouri  and 
Tennessee.  This  report  details  components  of  impact  for  all  analyses  completed  for 
response  planning.  The  reported  impact  assessment  estimates  are  compared  with  other 
limited  impact  assessment  studies  available  for  the  NMSZ. 


Earthquake  Impact  Assessment  Overview 

Analytical  earthquake  impact  assessments  require  three  fundamental  components;  namely 
hazard,  inventory  and  fragility.  The  hazard  includes  a  definition  of  ground  motion  and 
consequential  ground  effects,  such  as  large  permanent  ground  deformation.  Inventory  is  a 
compilation  of  assets  in  a  specific  region  of  interest,  and  may  include  numerous  types  of 
infrastructure  in  the  built  environment  as  well  as  population  demographic  data.  Fragility 
relationships  relate  a  certain  level  of  ground  shaking  to  the  likelihood  of  a  specified 
degree  of  damage.  These  three  parameters  are  integrated  to  determine  direct  damage, 
direct  economic  loss  and  functionality  of  infrastructure  components.  The  results  of  this 
direct  damage  assessment  are  then  used  to  determine  social  impacts  such  as  displaced 
population  and  sheltering  requirements.  The  three  primary  components  and  social 
impacts  are  explained  in  further  detail  in  the  following  sections  of  the  report. 
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Hazard 


The  earthquake  hazard  experienced  by  a  certain  region  of  interest,  such  as  a  state,  may  be 
defined  by  several  methods  and  with  varying  degrees  of  detail.  A  minimum  definition  of 
hazard  requires  the  level  of  shaking  be  quantified  over  the  entire  region  of  interest, 
expressed  as  peak  ground  motion  parameters  (acceleration,  velocity  and  displacement). 
The  hazard  may  also  be  expressed  as  peak  response  of  simple  structures  (peak  spectral 
values:  peak  spectral  acceleration,  velocity  and  displacement).  One  method  to  estimate 
shaking  is  through  the  use  of  attenuation  functions.  Regionally  appropriate  attenuation 
functions  are  available,  such  as  attenuations  for  Europe  (Ambraseys  and  Boinmer,  1991; 
Ambraseys  and  Boinmer,  1992;  Ambraseys  and  Simpson,  1996),  Japan  (Fukushima  et  ah, 
1995;  Kamiyama,  1995),  the  Western  U.S.  (WUS)  (Abrahamson  and  Silva,  1997; 
Atkinson  and  Boore,  2002;  Campbell  and  Bozorgnia,  2003),  and  the  Central  and  Eastern 
U.S.  (CEUS)  (Atkinson  and  Boore,  1995;  Toro  et  al.,  1997;  Sommerville  et  al.,  2001). 
Attenuations  relationships,  by  definition,  illustrate  the  propagation  of  shaking  from  a 
point  source,  commonly  referred  to  as  an  epicenter  (or  in  some  cases,  hypocenter1).  More 
comprehensive  source  modeling  is  available  to  better  characterize  the  ground  shaking 
that  results  from  an  earthquake.  Line-source  modeling  involves  the  rupture  of  an  entire 
fault  segment  and  may  account  for  directionality  of  fault  rupture  in  the  estimation  of 
ground  motion.  By  including  more  aspects  of  ground  motion,  line-source  modeling  is 
preferred  over  a  more  simplified  point-source  model.  Area  source  models  also  exist,  and 
require  considerable  knowledge  of  the  tectonic  environment  and  mapping  of  fault 
geometry  and  likely  mechanisms  of  rupture. 

Numerous  additional  components  are  required  for  a  complete  definition  of  hazard.  Soil 
amplification  is  used  to  adjust  the  ground  motion  for  local  soil  conditions  since  different 
soil  type  affect  the  surface  shaking  nature.  For  example  soft  soil  deposits  are  likely  to 
filter  short  period  vibrations  and  amplify  long  period  shaking,  thus  increasing  the 
likelihood  of  damage  to  long-period  structures  such  as  high-rise  buildings  and  long-span 
bridges.  Liquefaction  susceptibility  refers  to  the  change  in  phase  of  partially  saturated 
soil  deposits  that  may  completely  lose  cohesion  during  prolonged  shaking.  This  results  in 
pennanent  ground  deformations  such  as  lateral  spreading  and  settlement,  both  of  which 
increase  the  likelihood  of  damage  to  infrastructure.  Landslide  susceptibility  is  included  in 
earthquake  impact  assessments  to  define  the  likelihood  of  inclined  deposits  sliding  during 
or  shortly  after  earthquakes.  Additional  forms  of  hazard  definition  include  surface  fault 
rupture,  though  this  is  not  discussed  here.  Hazard  characterization  for  this  project  is 
mainly  based  on  the  U.S.  Geological  Survey  studies,  supported  and  augmented  by 
information  from  the  state  geological  surveys  in  the  eight  affected  states.  For  more 
information  on  hazard  definition  in  earthquake  impact  assessment,  please  refer  to 
Appendix  IV. 


1  The  hypocenter  is  the  location  in  the  earth  where  the  source  of  rupture  is  located.  The  epicenter  is  the 
projection  of  the  hypocenter  on  the  Earth’s  surface.  Conversely,  the  hypocenter  is  located  beneath  the 
epicenter  at  a  specific  distance,  called  the  ‘focal  depth.’  For  further  information  please  reference  the 
FIAZUS-MF1  MR2  Technical  Manual,  Chapter  4,  Figure  4.3  for  an  illustration  of  this  concept. 
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Inventory 


Inventory  includes  all  components  of  the  built  environment  as  well  as  demographic  data. 
Demographic  data  includes  estimates  of  total  population,  and  various  group 
classifications  within  the  general  population,  broken  down  by  income,  ethnicity, 
education  and  age.  Inventory,  or  assets,  in  the  built  environment  includes  a  wide  variety 
of  infrastructure  with  commonly  used  inventory  types  listed  below: 

■  Essential  Facilities 

o  Schools  and  Hospitals 
o  Police  and  Fire  Stations 
o  Emergency  Operation  Centers  (EOCs) 

■  Transportation  Lifelines 

o  Highway  Bridges  and  Roads 
o  Railway  Bridges,  Tracks  and  Facilities 
o  Airport,  Port,  Bus  and  Ferry  Facilities 

■  Utility  Lifelines 

o  Potable  Water  Facilities  and  Networks 
o  Waste  Water  Facilities  and  Networks 
o  Natural  Gas  Facilities  and  Pipelines 
o  Oil  Facilities  and  Pipelines 
o  Electric  Power  and  Communication  Facilities 

■  High  Potential-Loss  Facilities 

o  Dams  and  Levees 
o  Hazardous  Materials  Plants 
o  Nuclear  Power  Plants 

Various  types  of  information,  or  metadata,  are  required  for  a  full  assessment  of  these 
components.  A  description  of  building  type,  construction  material,  height,  age,  design 
level  and  soil  condition  is  required  to  detennine  the  response  of  the  building  to  ground 
shaking.  A  replacement  value  must  also  be  included  if  direct  economic  losses  are  to  be 
determined.  Many  of  the  aforementioned  infrastructure  items  are  packaged  with  the 
impact  assessment  software,  HAZUS-MH  MR2,  as  default  data.  Updates  to  this  baseline, 
or  default,  inventory  will  improve  the  accuracy  of  the  impact  assessment  as  more  of  the 
actual  inventory  is  captured  in  the  assessment.  Additionally,  new  types  of  inventory  may 
be  added  to  address  site-specific  issues.  Such  inventory  items  can  include  high-rise 
buildings,  long-span  bridges,  cell  phone  towers,  arenas  and  stadiums,  historical 
landmarks,  and  mass  public  transit  such  as  subways  and  elevated  rail  systems,  among 
others.  The  majority  of  the  inventory  data  used  for  this  project  is  taken  primarily  from  the 
Homeland  Security  Infrastructure  Program  (HSIP)  2007  dataset,  with  additional 
inventory  collected  by  the  MAE  Center  for  specific  regions2.  For  more  infonnation  on 
inventory  for  earthquake  impact  assessment,  please  refer  to  Appendix  IV. 


2  Many  bridges  are  included  in  the  default  inventory  provided  by  HAZUS-MH  MR2,  though  these  bridges 
do  not  include  major  river  crossings,  such  as  those  over  the  Mississippi  and  Missouri  Rivers.  These  bridges 
have  unique  structural  configurations  that  require  structure-specific  analyses 
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Fragility 


Fragility  functions  are  used  to  relate  the  intensity  of  ground  shaking  to  the  likelihood  of  a 
particular  level  of  damage  occurring.  Fragility  functions,  sometimes  referred  to  as 
vulnerability  functions,  when  represented  graphically  plot  a  shaking  intensity  (or  hazard) 
parameter  against  a  probability  that  a  given  damage  level  (e.g.  light,  moderate  or  severe) 
will  occur.  In  other  words,  if  a  certain  level  of  shaking  is  experienced  by  a  structure,  a 
fragility  function  will  estimate  how  likely  it  is  that  this  particular  structure  will  incur 
various  levels  of  damage.  Numerous  parameters  are  used  to  quantify  the  level  of  shaking 
and  may  include  peak  ground  acceleration  (PGA),  velocity  (PGV)  or  displacement  (PGD). 
Also,  the  maximum  response  of  a  simple  structure,  referred  to  as  the  spectral  response 
quantity,  may  be  used  in  the  form  of  spectral  acceleration,  velocity  or  displacement.  The 
use  of  a  particular  hazard  parameter  is  specific  to  the  infrastructure  element  being 
assessed.  For  example,  damage  to  buildings  is  often  related  to  the  spectral  displacement, 
whereas  peak  ground  velocity  is  commonly  used  for  pipelines. 

Furthermore,  fragility  curves  are  generally  organized  in  sets  for  a  specific  infrastructure 
component.  HAZUS-MH  MR2  requires  four  fragility  curves  per  infrastructure  item  -  one 
per  damage  limit  state.  Damage  limit  states  included  in  HAZUS-MH  MR2  are  slight, 
moderate,  extensive,  and  complete  (Kircher  et  al,  1997).  Many  fragility  relationships  for 
types  or  classes  of  structures  exist  in  the  literature  (a  brief  description  is  provided  in 
Elnashai  (2003)).  In  this  report,  the  default  fragility  relationships  of  HAZUS-MH  MR2 
are  employed.  In  future  phases,  uniform  reliability  fragility  relationships  based  on 
advances  simulations  will  be  used  (Nielson  and  DesRoches,  2004,  2006a,  2006b; 
Gencturk  et  al,  2007).  For  further  infonnation  on  fragility  relationships,  reference  is  made 
to  Appendices  III  and  IV. 


Social  Impacts 

Social  impacts  include  a  wide  variety  of  requirements  associated  with  a  population  in  a 
post-disaster  environment.  HAZUS-MH  MR2  encompasses  several  estimates  including 
displaced  households  (residences  and  families),  short-term  shelter  population,  and 
casualties.  The  number  of  displaced  households  is  estimated  based  on  the  extent  of 
damage  to  residential  buildings  along  with  building  classification  (single  family,  multi¬ 
family  dwelling).  In  some  cases,  the  number  of  displaced  households  may  also  include 
factors  for  the  loss  of  utility  services. 

Estimates  for  the  number  of  people  seeking  shelter  are  calculated  as  a  percentage  of  the 
displaced  population,  taking  into  consideration  demographic  composition  factors 
including  ethnicity,  age,  and  income  level.  These  demographic  factors  influence  the 
number  of  families  seeking  shelter  in  a  region.  For  example,  those  families  with  limited 
financial  means  are  more  likely  to  seek  public  shelter  and  require  short-term  housing. 

Additional  social  impact  models  include  more  detailed  predictions  for  the  displaced 
population.  Food,  refrigeration,  sleeping  and  water  requirements  are  determined  as  well 
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as  space  requirements  for  housing  the  shelter  seeking  population.  Furthermore,  the 
percentage  of  the  displaced  population  requiring  medical  attention  for  chronic  illnesses  is 
estimated  and  can  be  included  in  response  plans. 

Casualty  estimates  are  also  a  critical  element  of  social  impact  assessments.  HAZUS-MH 
MR2  classifies  all  injuries  and  fatalities  as  casualties  when  reporting  a  total  number, 
though  severity  level  estimates  are  also  provided.  Four  levels  of  casualties  are  reported  in 
HAZUS-MH  MR2,  ranging  from  minor  injuries  not  requiring  hospitalization  to  fatalities. 

Examination  of  the  outputs  for  both  displaced  populations  and  shelter  seeking 
populations  led  to  the  conclusion  that  the  calculations  being  performed  within  HAZUS- 
MH  MR2  were  incorrect  due  to  errors  in  the  software.  This  is  currently  being  corrected  in 
the  next  release  of  the  software.  To  calculate  these  estimates  for  the  scenarios  discussed 
in  this  report,  the  project  combined  the  damage  estimates  and  population  estimates  from 
HAZUS-MH  MR2  and  utilized  the  HAZUS-MH  MR2  methodology  to  derive  the  number 
of  displaced  people  and  the  shelter  seeking  population.  For  further  information  on  social 
impact  methodology,  please  refer  to  Appendix  III. 


Consequence  Assessment  Software 

In  this  phase  of  the  project,  use  is  made  exclusively  of  HAZUS-MH  MR2  (FEMA,  2007). 
Earlier  work  using  other  versions  of  HAZUS  was  repeated  after  careful  comparisons  with 
the  newer  version.  HAZUS  provides  extensive  libraries  of  models  and  data  that  can  be 
used  in  a  default  mode.  Most  HAZUS  models  were  retained  whilst  almost  all  HAZUS 
data  was  over-written  by  more  comprehensive  information.  Significant  changes  were 
made  to  the  social  impact  model  in  HAZUS,  as  elaborated  upon  in  this  report.  In  phase  II 
of  the  project,  which  is  currently  underway,  HAZUS  analyses  are  augmented  by 
specialized  analysis  using  MAEviz  release  3.0  (MAEviz,  2008).  Special  emphasis  is  paid 
in  MAEviz  to  the  utility  and  transportation  network  disruption,  and  the  optimized 
allocation  of  temporary  housing  to  the  displaced  population.  The  architecture  and 
application  of  MAEviz  are  described  in  Elnashai  et  al  (2008,  a  and  b),  while  the 
temporary  housing  model  features  are  presented  in  El- Anwar  et  al  (2008). 


Phase  I  Earthquake  Hazard 

The  Central  U.S.  is  not  often  thought  of  as  a  seismically  active  region,  although  the  April, 
2008  earthquake  near  Mt.  Carmel,  Illinois,  brought  a  great  deal  of  attention  to  this  region 
and  its  potential  seismic  hazards.  Though  this  particular  event  occurred  on  the  Wabash 
Valley  Fault  in  Southern  Illinois,  the  larger  and  more  active  New  Madrid  Seismic  Zone 
(NMSZ)  is  only  a  short  distance  away.  Stretching  from  southwest  Illinois  to  northeast 
Arkansas,  the  NMSZ  is  located  in  portions  of  five  states  in  the  Central  U.S.:  Illinois, 
Missouri,  Kentucky,  Tennessee  and  Arkansas. 
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This  seismic  region  has  produced  some  of  the  most  major  seismic  events  in  U.S.  history. 
During  the  winter  of  1811  and  1812,  a  series  of  three  earthquakes,  with  magnitudes  of 
around  8,  struck  northeast  Arkansas  and  southeast  Missouri.  These  magnitudes  were 
determined  based  on  witness  reports  at  the  time  of  the  events,  liquefaction  features  dated 
to  that  period  of  time,  and  fault  structure  (Johnston  &  Schweig,  1996).  At  the  time  of 
these  earthquakes,  the  Central  U.S.  was  sparsely  populated,  with  very  few  structures.  Of 
the  few  buildings  constructed  in  the  region,  many  were  likely  for  residential  or 
agricultural  use  and  of  low  quality.  Currently,  however,  the  Central  U.S.  is  vastly 
populated  with  major  population  centers  in  Memphis,  TN  and  St.  Louis,  MO.  Both  of 
these  cities  are  likely  to  sustain  damage  from  a  NMSZ  event,  and  particularly  Memphis 
in  particular  could  see  severe  damage. 

According  to  Hildenbrand  et  al.  (1996),  the  chance  of  a  magnitude  6  or  7  earthquake 
occurring  within  the  next  50  years  is  roughly  90%.  Additionally,  more  than  3,000 
earthquakes  have  occurred  in  the  NMSZ  since  1974  (Johnston  &  Schweig,  1996).  An 
earthquake  of  magnitude  7,  as  has  been  predicted,  or  a  recurrence  of  the  1811-1812  series 
could  have  devastating  impacts  on  the  region,  with  considerable  national  repercussions, 
as  transportation  routes,  natural  gas  and  oil  transmission  pipelines  are  broken  and 
services  are  interrupted.  Preliminary  estimates,  including  those  completed  by  the  Mid- 
America  Earthquake  Center  (MAEC),  found  that  economic  losses  from  a  magnitude  7.7 
(Mw7.7)  event  in  the  NMSZ  could  reach  $50-$80  billion  dollars  in  direct  losses  alone. 
Additionally,  there  could  be  thousands  of  fatalities,  tens  of  thousands  of  injured  victims, 
and  even  hundreds  of  thousands  left  without  homes.  The  first  step  in  developing 
earthquake  impact  assessments  is  developing  scientifically  defensible  ground  motion  for 
a  NMSZ  Mw7.7  event  upon  which  earthquake  impact  assessment  models  are  based. 

All  ground  motions  employed  in  this  study  were  developed  by  the  U.S.  Geological 
Survey.  Three  different  events  are  considered,  one  for  each  presumed  segment  of  the 
New  Madrid  Fault.  Figure  1  illustrates  the  locations  of  each  fault  segment.  The  primary 
fault,  shown  in  Figure  1,  illustrates  the  three  segments:  northeast,  central  and  southwest. 
The  northeast  and  southwest  segments  are  strike-slip  faults  while  the  central,  or  reelfoot 
segment,  is  a  thrust  fault.  The  presumed  fault  boundaries  are  not  shown  here,  though  they 
were  used  in  the  development  of  the  national  seismic  hazard  maps  to  account  for  the 
uncertainty  of  fault  rupture  (Frankel  et  al.,  1996;  Frankel  et  al.,  2002).  Figure  1  is  similar 
to  the  single  fault  location  shown  in  Johnston  &  Schweig  (1996).  The  ground  motion 
maps  developed  for  the  NMSZ  are  based  on  the  rupture  of  a  single  segment,  meaning  the 
northeast,  central  and  southwest  segments  are  independent  events  which  model  the 
rupture  of  the  entire  fault  segment  length.  Ground  motion  for  each  segment  rupture  is 
attenuated  through  rock  and  then  propagated  through  the  layer  of  soil  on  top  of  the 
bedrock  layer.  The  specific  procedure  used  to  develop  these  three  Mw7.7  deterministic 
events  is  similar  to  the  method  used  for  NMSZ  probabilistic  maps  developed  by  the 
USGS.  For  further  information  on  the  method  by  which  these  maps  were  developed, 
please  refer  to  Cramer  (2006).  Modeling  in  HAZUS-MH  MR2  requires  four  ground 
shaking  parameters  to  complete  an  earthquake  impact  assessment:  peak  ground 
acceleration  (PGA),  peak  ground  velocity  (PGV),  short-period  spectral  acceleration  (Sa 
0.3  sec.)  and  long-period  spectral  acceleration  (Sa  1.0  sec.).  Maps  were  developed  for 


6 


each  of  these  parameters.  This  means  that  each  segment  rupture  requires  a  suite  of  four 
maps  to  fully  define  the  ground  motion  for  use  in  HAZUS-MH  MR2. 


Earthquake  impact  assessments  are  completed  for  each  of  the  eight  states  in  the  NMSZ. 
The  maps  developed  by  Cramer  and  the  USGS  did  not  cover  the  full  extent  of  the  eight 
state  region,  so  shaking  values  are  specified  for  the  four  shaking  parameters.  Parameters 
are  specified  in  outlying  areas  as  follows: 

■  PGA  =  0.05g 

■  PGV  =  3  in./sec. 

■  Sa  0.3  sec.  =  0.12g 

■  Sa  1.0  sec.  =  0.1  lg 

Original  ground  motion  maps  for  PGA  are  shown  in  Figure  2  for  the  northeast  segment, 
Figure  3  for  the  central  segment,  and  Figure  4  for  the  southwest  segment. 
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Figure  2:  Northeast  Segment  of  Middle  Fault  PGA  (g) 
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Figure  3:  Central  Segment  of  Middle  Fault  PGA  (g) 
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Figure  4:  Southwest  Segment  of  Middle  Fault  PGA  (g) 


Additionally,  maps  developed  for  the  middle  fault  are  shifted  to  the  fault  zone  boundaries 
to  detennine  the  worst  case  event  for  all  states  except  Arkansas.  The  MAEC  was  advised 
by  the  Arkansas  State  Geologic  Survey  to  use  the  middle  fault  for  the  earthquake  impact 
assessment  in  the  State  of  Arkansas.  As  a  result,  each  state’s  worst  case  event  is 
described  by  a  fault  segment  and  shifting  direction,  such  as  east,  west,  or  middle  fault. 
The  ground  motion  is  shifted  according  to  the  follow  descriptions  for  each  state: 

■  Alabama:  Southwest  segment  of  eastern  fault  boundary  line 

■  Arkansas:  Southwest  segment  of  middle  fault  line 

■  Illinois:  Northeast  segment  of  western  fault  boundary  line 

■  Indiana:  Northeast  segment  of  eastern  fault  boundary  line 

■  Kentucky:  Northeast  segment  of  the  eastern  fault  boundary  line 

■  Mississippi:  Southwest  segment  of  the  eastern  fault  boundary  line 

■  Missouri:  Central  segment  of  the  western  fault  boundary  line 

■  Tennessee:  Southwest  segment  of  the  eastern  fault  boundary  line 

Two  additional  scenarios  are  considered  for  events  outside  the  NMSZ.  The  first  is  a 
magnitude  7.1  (Mw7.1)  earthquake  in  the  Wabash  Valley  Seismic  Zone  (WVSZ)  in 
Southern  Illinois  and  Indiana.  The  ground  motion  maps  for  this  event  were  also 
developed  by  the  USGS  and  model  the  rupture  of  a  length  of  fault.  Figure  5  illustrates  the 
location  of  the  WVSZ  and  the  Wabash  Valley  Fault.  The  PGA  for  the  WVSZ  event  is 
illustrated  in  Figure  6.  The  procedure  used  to  develop  this  map  is  similar  to  the  method 
used  to  develop  the  NMSZ  maps.  Though  a  WVSZ  event  will  impact  the  State  of  Illinois, 
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this  scenario  is  only  completed  for  the  State  of  Indiana  as  the  WVSZ  produces  greater 
damage  than  the  NMSZ  event. 


Figure  5:  Wabash  Valley  Seismic  Zone  and  Fault  Location 


Figure  6:  Wabash  Valley  Seismic  Zone  PGA 
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The  final  hazard  scenario  analyzed  is  a  magnitude  5.9  (Mw5.9)  event  in  the  East 
Tennessee  Seismic  Zone  (ETSZ).  The  Alabama  Geologic  Survey  provided  data  to  define 
this  event,  including  the  location  of  the  epicenter  and  the  depth.  In  contrast  to  the  other 
scenarios,  this  ETSZ  scenario  ground  motion  is  defined  using  a  suite  of  attenuations. 
These  attenuations,  five  in  all,  comprise  the  Central  and  Eastern  U.S.  (CEUS) 
Characteristic  Event  as  specified  in  HAZUS-MH  MR2.  The  attenuations  employed  are 
listed  below  with  the  weighting  factor  used: 


Atkinson  and  Boore  (1997) 

0.250 

Toro,  Abrahamson  and  Schneider  (1997) 

0.250 

Frankel,  Mueller,  Barnhard,  Perkins  et  al.  (1996) 

0.250 

Campbell  (2002) 

0.125 

Sommerville,  Collins,  Abrahamson  et  al.  (2002) 

0.125 

Figure  7:  East  Tennessee  Seismic  Zone  Event,  M5.9 


The  location  of  the  ETSZ  event  is  illustrated  in  Figure  7.  The  PGA  that  results  from  the 
suite  of  attenuations  is  illustrated  in  Figure  8.  This  event  generates  substantial  ground 
motion  in  the  northeastern  portion  of  the  state  while  the  NMSZ  event  will  generate  the 
most  intense  shaking  in  the  northwestern  portion  of  the  state.  Comparing  the  hazard  maps 
for  the  two  scenario  ground  motions  in  Alabama,  the  ETSZ  event  generates  significantly 
higher  ground  motion,  particularly  near  the  source.  For  additional  information  on  all 
scenario  ground  motion  maps  including  shifting  parameters,  please  reference  Appendix  I. 
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Figure  8:  East  Tennessee  Seismic  Zone  PGA 


In  this  series  of  analyses,  hazard  characterization  is  also  improved  by  the  addition  of 
liquefaction  susceptibility  which  captures  the  effects  of  permanent  ground  deformation. 
All  NMSZ  scenarios,  and  the  WVSZ  scenario,  utilized  a  liquefaction  susceptibility  map 
that  was  developed  via  a  proxy  that  correlates  a  soil  site  class  (based  on  National 
Earthquake  Hazard  Reduction  Program  [NEHRP]  specifications)  to  a  relative  level  of 
liquefaction  susceptibility.  It  should  be  known  that  this  method  is  not  the  most  accurate 
method;  rather,  it  was  the  only  data  of  this  type  available  at  the  time  these  earthquake 
impact  assessment  scenarios  were  completed.  The  use  of  this  form  of  liquefaction  data 
will  capture  the  regional  effects  of  ground  deformation,  but  should  not  be  used  for 
smaller-scale,  site-specific  studies.  The  correlation  between  soil  site  class  and  relative 
level  of  liquefaction  susceptibility  is  detailed  below  in  Table  1: 


Table  1:  Liquefaction  Susceptibility  Proxy 


Soil  Class 

Description  of  Soil 

Liquefaction  Susceptibility  Level 

A 

Hard  Rock 

NONE 

B 

Rock 

NONE 

C 

Very  Dense  Soil  &  Soft  Rock 

NONE 

D 

Stiff  Soils 

LOW 

E 

Soil  Soils 

MODERATE 

F 

Soils  Requiring  Site-Specific  Evaluation 

VERY  HIGH 

The  map  of  liquefaction  susceptibility  developed  based  on  proxy  information  is 
illustrated  in  Figure  9.  It  is  evident  that  a  large  portion  of  the  region  is  not  covered  by  the 
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liquefaction  susceptibility  map.  Since  no  liquefaction  susceptibility  information  is 
specified  in  these  areas,  permanent  ground  deformation  is  not  included  in  the  direct 
damage  model,  meaning  damage  determinations  do  not  account  for  permanent  ground 
deformations.  Common  liquefaction  susceptibility  levels  are  ‘very  high,’  ‘moderate’  and 
‘low.’  The  ETSZ  scenario  was  completed  several  months  after  the  NMSZ  and  WVSZ 
scenarios,  and  by  that  time  a  new  liquefaction  susceptibility  map  was  completed  for  the 
State  of  Alabama.  This  new  map  is  employed  in  the  earthquake  impact  assessment  for  the 
ETSZ  scenario.  Figure  10  illustrates  the  new  liquefaction  susceptibility  map,  which 
covers  the  entire  State  of  Alabama. 


Figure  9:  Liquefaction  Susceptibility  Map 
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Figure  10:  Liquefaction  Susceptibility  for  ETSZ  Scenario 


The  hazard  in  this  region  of  the  U.S.  is  a  matter  of  vigorous  debate,  largely  due  to  the 
lack  of  information  from  significant  seismic  events.  The  ground  motion  and  liquefaction 
information  utilized  was  the  best  available  at  the  time  these  analyses  were  completed. 
Improvement  of  ground  motion  and  liquefaction  characterizations  in  the  Central  U.S.  is 
an  on-going  effort  and  future  phases  of  this  project  will  include  updated  information.  The 
changes  made  to  the  hazard  in  this  investigation,  however,  are  a  substantial  improvement 
over  the  default  settings  in  HAZUS-MH  MR2  and  go  a  long  way  to  representing  the 
regional  hazard. 


Phase  I  Inventory 

The  inventory  used  in  this  series  of  earthquake  impact  assessments  is  classified  into  two 
major  categories;  population  and  infrastructure.  The  population  is  divided  into  various 
demographics  which  include  age,  gender,  income  level  and  numerous  others.  Income 
level  is  a  critical  factor  when  determining  the  number  of  people  seeking  public  shelter  in 
a  post-disaster  environment.  The  eight  states  included  in  this  investigation  have  a  total 
population  of  roughly  44  million  people.  Over  25%  of  the  eight-state  population  resides 
in  Illinois,  with  the  City  of  Chicago  alone  contributing  several  million  people.  Tennessee 
and  Missouri  also  contribute  nearly  six  million  residents  each.  Population  totals  for  each 
state  as  of  the  year  2000  census  are  illustrated  in  Table  2.  Additionally,  population 
distributions  of  the  eight  states  are  shown  in  Figure  1 1  through  Figure  18. 
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Figure  11:  Population  Distribution  for  the  State  of  Alabama 


15 


BAXTER 


GREENE 


.WRENCE' 


NEWTON 


fNDENCE 


N  BURE 


JOHNSON 


CLEBURNE 


JACKSON 


CRIT 


:ross 


WHITE 


co  nway 


LOGAN 


ILKNER 


Jackson  villi 


IPERRY 


SCOTT 


NROE 


SALINE 


LONOKE 


POLK 


MONTGOMERY 


JEFFERSOI 


GRAN' 


ARKANSAS 


IEMPSTEA 


OUACHITA 


DREW 


SHLEY 


FAYETTE 


"'West  Memphis 


Legend 


Total  Population 

Year  2000  (HAZUS) 

0-3,000 
3,001  -  5,000 
"5,001  -7,000 
"7,001  -9,000 
"  9,001  - 11 ,606 

Major  Cities 
Population  in  2000 

♦  28,000  -  40,000 

•  40,001  -  75,000 

#  75,001  -180,000 
=  Interstate  Highways 
—  US  Routes 

Rivers 

O  Critical  Counties 


15 


30 


60 


90 


Miles 


Figure  12:  Population  Distribution  for  the  State  of  Arkansas 
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Figure  13:  Population  Distribution  for  the  State  of  Illinois 
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Figure  14:  Population  Distribution  for  the  State  of  Indiana 
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Figure  15:  Population  Distribution  for  the  State  of  Kentucky 
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Figure  16:  Population  Distribution  for  the  State  of  Mississippi 
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Figure  17:  Population  Distribution  for  the  State  of  Missouri 
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Figure  18:  Population  Distribution  for  the  State  of  Tennessee 
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Table  2:  Total  Population  of  Eight-State  Region  (Year  2000  Census) 


State 

Population 

Alabama 

4,447,100 

Arkansas 

2,700,000 

Illinois 

12,400,000 

Indiana 

6,080,485 

Kentucky 

4,041,769 

Mississippi 

2,844,658 

Missouri 

5,595,211 

Tennessee 

5,689,283 

TOTAL 

43,798,506 

All  infrastructure  and  built  environment  is  classified  into  three  categories:  buildings, 
transportation  and  utilities.  The  total  value  of  all  inventory,  or  assets,  is  quantified  in 
Table  3.  The  entire  eight-state  region  has  a  value  of  more  than  $6.7  trillion.  The  State  of 
Illinois  accounts  for  approximately  30%  of  that  inventory  value,  while  Kentucky  and 
Missouri  contribute  roughly  15%  each.  Furthermore,  utility  lifelines  represent  nearly  half 
of  all  inventory  value  in  the  eight  states  at  nearly  $3.2  trillion.  Buildings  account  for  $2.7 
trillion  and  transportation  lifelines  contribute  approximately  $846  billion.  This  equates  to 
40%  and  13%,  respectively,  of  total  inventory  value. 


Table  3:  Inventory  Value  in  Eight-State  Region  ($  millions) 


State 

Building 

Value 

Transportation 

Value 

Utility 

Value 

Total 

Value 

Alabama 

$269,580 

$108,231 

$182,909 

$559,720 

Arkansas 

$157,602 

$67,940 

$47,659 

$273,201 

Illinois 

$837,682 

$161,097 

$1,001,676 

$2,000,455 

Indiana 

$380,969 

$107,793 

$142,909 

$631,671 

Kentucky 

$259,784 

$128,036 

$797,984 

$1,185,804 

Mississippi 

$131,314 

$69,176 

$266,440 

$466,930 

Missouri 

$334,877 

$121,238 

$564,861 

$1,020,976 

Tennessee 

$329,827 

$82,456 

$173,425 

$585,708 

TOTAL 

$2,701,635 

$845,967 

$3,177,863 

$6,724,465 

There  are  numerous  subsets  of  inventory  within  the  broad  category  of  infrastructure.  As 
shown  in  Table  3,  the  built  environment  can  be  broken  down  into  the  three  major 
subcategories:  buildings,  transportation  lifelines  and  utility  lifelines.  HAZUS-MH  MR2 
provides  basic  inventory  data  for  all  three  of  these  subcategories,  though  improving  upon 
this  default  data  is  highly  recommended  for  a  high-quality  earthquake  impact  assessment. 
Due  to  the  time  required  to  update  all  inventory  over  the  entire  eight-state  region,  only 
select  infrastructure  categories  are  updated.  Building  inventory  is  one  of  the  most  time- 
consuming  forms  of  data  to  update  and  as  a  result  was  not  done  in  this  investigation.  The 
default  building  data  is  classified  in  two  ways:  by  building/construction  type  and 
occupancy  or  building  use  type.  There  are  33  occupancy  types,  such  as  residential, 
commercial,  industrial,  government,  educational,  agricultural  and  religion.  These  are 
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considered  general  building  types  and  within  these  general  types  are  specific  building 
types  which  can  be  found  in  Chapter  4  of  the  HAZUS-MH  MR2  Technical  Manual. 
There  are  36  total  building  types  which  classify  building  by  the  type  of  structure  and 
material  used  in  construction.  Such  building  types  include  wood  frame,  concrete,  steel, 
precast  concrete,  unreinforced  masonry,  reinforced  masonry  and  mobile  homes.  As  with 
occupancy  type,  there  are  numerous  specific  building  types  which  can  also  be  found  in 
Chapter  4  of  the  HAZUS-MH  MR2  Technical  Manual  (FEMA-NIBS,  2006). 

Transportation  and  utility  lifelines  are  updated  with  information  from  the  Homeland 
Security  Infrastructure  Program  (HSIP)  2007  Gold  Dataset  (NGA  Office  of  America, 
2007)  for  critical  infrastructure.  In  order  to  capture  the  most  complete  datasets  possible 
HSIP  and  HAZUS-MH  MR2  default  data  were  combined  and  the  duplicate  inventory 
items  removed.  The  infrastructure  compone  nts  that  are  supplemented  with  HSIP  data 
are  listed  below: 

■  Essential  Facilities 

o  Schools 
o  Hospitals 

o  Emergency  Operation  Centers  (EOCs) 
o  Police  Stations 
o  Fire  Stations 

■  Transportation  Lifelines 

o  Highway  Bridges 
o  Railway  Bridges 
o  Airport  Facilities 
o  Ferry  Facilities 
o  Bus  Facilities 
o  Port  Facilities 

■  Utility  Lifelines 

o  Natural  Gas  Facilities 
o  Oil  Facilities 
o  Electric  Power  Facilities 
o  Communication  Facilities 

o  Water  Treatment  Facilities  (typically  considered  Waste  Water  Facilities) 
o  Natural  Gas  Major  Transmission  Pipelines 
o  Oil  Major  Transmission  Pipelines 

■  High  Potential-Loss  Facilities 

o  Hazardous  Material  Facilities 
o  Dams 
o  Levees 
o  Prisons 

Natural  gas  and  oil  major  transmission  pipelines  are  not  part  of  the  HAZUS-MH  MR2 
default  inventory  and  are  added  as  a  new  type  of  inventory.  Adding  these  pipelines  will 
not  only  supplement  some  local  distribution  networks  already  present  in  HAZUS-MH 
MR2,  but  will  also  provide  information  on  the  functionality  of  pipelines  carrying  critical 
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products  to  regions  outside  the  NMSZ  zone.  For  more  information  on  the  inventory  used 
in  this  investigation  please  refer  to  Appendix  II  where  infrastructure  is  quantified  by  state. 


Phase  I  Fragility 

The  fragility  curves  provided  in  HAZUS-MH  MR2  are  intended  for  use  throughout  the 
USA.  Using  these  provided — or  default — fragilities  for  damage  estimates  means  that 
building  damage  will  not  be  detennined  for  structural  characteristics  specific  to  the 
Central  U.S.,  where  the  design  and  construction  practice  of  all  assets  (e.g.  bridges  and 
buildings)  are  specific  to  the  region.  Additionally,  in  general,  HAZUS-MH  MR2  default 
fragilities  are  based  on  expert  judgment  and  do  not  directly  use  observed  or  simulated 
structural  responses.  The  published  technical  literature  reports  many  different  methods 
for  the  derivation  of  fragility  relationships,  based  on  observations,  experimental  testing, 
computer  simulations,  or  combinations  thereof.  The  advantage  of  using  the  HAZUS-MH 
MR2  default  fragilities  is  that  they  provide  relatively  uniform  and  often  conservative 
estimates  of  damage.  They  are  therefore  suitable  for  the  regional  assessment  reported 
herein. 

Building  fragilities  in  HAZUS-MH  MR2,  for  example,  rely  on  the  Capacity  Spectrum 
Method  (CSM)  with  empirical  pushover  curves  to  determine  the  capacity  of  the  structure, 
while  the  demand  is  characterized  by  a  single  smoothed  design  spectrum.  The  general 
building  inventory  in  HAZUS-MH  MR2  is  divided  into  36  building  types,  each  with  a 
different  set  of  fragility  curves,  which  are  further  distinguished  on  the  basis  of  found 
seismic  design  level  (none,  low,  moderate  and  high). 

Transportation  and  utility  lifelines  have  individual  sets  of  fragility  curves  which  define 
their  performance  during  a  seismic  event  as  well.  HAZUS-MH  MR2  employs  28  bridge 
types,  for  example,  to  categorize  the  perfonnance  of  all  bridges  in  a  region’s  inventory. 
Many  of  these  transportation  (NIBS,  1999)  and  utility  fragility  curves  (O’Rourke  and 
Ayala,  1993)  are  based  on  expert  opinion,  due  largely  to  the  lack  of  research  in  these 
areas. 

All  HAZUS-MH  MR2  default  fragility  curves  are  employed  in  the  Phase  I  scenarios  in 
this  report.  Updating  fragilities  will  be  undertaken  in  the  next  phase  of  the  New  Madrid 
Seismic  Zone  Catastrophic  Planning  project  with  a  focus  on  buildings  (Gencturk  et  al, 
2007;  Gencturk  et  al,  2008)  and  bridges  (Nielson  and  DesRoches,  2004,  2006a,  2006b) 
using  MAE  Center  derived  fragility  relationships  that  are  specific  to  the  Central  USA. 


Results  of  the  Earthquake  Impact  Assessments 

This  section  focuses  on  direct  damage  to  infrastructure  in  the  eight-state  region  around 
the  NMSZ.  Specifically,  damage  to  buildings  as  well  as  damage  and  functionality  of 
critical  infrastructure  (essential  facilities,  transportation  and  utility  lifelines)  are 
highlighted  and  presented  by  scenario.  As  mentioned  earlier,  there  are  ten  total  scenarios 
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completed  in  this  phase  of  the  NMSZ  earthquake  impact  assessment  project  and  brief 
discussions  of  impact  assessment  results  are  given  here.  At  the  conclusion  of  this  section, 
general  regional  damage  trends  are  identified  and  comparisons  made  with  other  published 
scenarios  for  a  NMSZ  event.  In  addition,  each  scenario  identifies  a  set  of  counties  that  are 
expected  to  incur  the  greatest  amount  of  damage.  These  counties  are  taken  from  a  study 
completed  at  FEMA  Region  VIII.  For  more  detailed  explanations  of  results  from  each 
scenario,  please  refer  to  Appendix  V. 


State-Level  Direct  Damage  &  Functionality 


Alabama  New  Madrid  Seismic  Zone  Scenario 


Each  scenario  completed  in  this  investigation  focuses  on  the  critical  counties,  which  are 
identified  as  counties  in  each  state  where  shaking  is  most  intense.  Though  shaking  is  less 
intense  in  Alabama  than  most  other  states,  there  are  12  counties  identified  in  northwest 
Alabama  that  are  expected  to  experience  the  majority  of  the  damage  in  the  state.  These 
counties  are  illustrated  in  Figure  1 1  and  are  listed  below: 


■  Colbert 

■  Cullman 

■  Fayette 

■  Franklin 


■  Lamar 

■  Lauderdale 

■  Lawrence 

■  Limestone 


■  Marion 

■  Morgan 

■  Walker 

■  Winston 


The  NMSZ  Mw7.7  scenario  for  the  State  of  Alabama  generates  the  greatest  amount  of 
damage  when  the  earthquake  occurs  in  the  southwest  extension  of  the  eastern  fault. 
Building  damage  resulting  from  this  event  is  detailed  in  Table  4  and  Table  5.  There  are 
nearly  1 .7  million  buildings  in  the  State  of  Alabama,  most  of  which  are  not  impacted  by 
the  NMSZ  earthquake. 

“Moderate”  damage  is  much  more  common  at  the  low  levels  of  shaking  experienced 
across  the  majority  of  the  state.  Residential  buildings,  which  include  single  family  homes 
and  other  residential  structures,  incur  nearly  98%  of  all  building  damage  in  Alabama. 
Commercial  structures  experience  over  100  cases  of  moderate  damage,  though  that  pales 
in  comparison  with  the  number  of  residential  structures  damaged.  Though  the  distribution 
of  damage  in  the  critical  counties  is  not  shown  here,  only  2,900  cases  of  damage  occur  in 
the  critical  counties.  This  is  less  than  50%  of  all  building  damage,  indicating  that  a  large 
portion  of  damage  occurs  in  the  north-central  portion  of  Alabama. 

Damage  to  buildings  is  further  classified  by  building  type.  The  majority  of  moderate  and 
extensive  damage  cases  are  incurred  by  mobile  homes  and  unreinforced  masonry 
buildings.  Mobile  homes  and  unreinforced  masonry  buildings  are  vulnerable  to  the 
moderate  and  low  level  of  shaking  (<  0.25 g)  in  northern  Alabama,  hence  the  large 
percentage  of  damage  cases  occurring  there.  Two-thirds  of  the  extensive  damage  and 
over  85%  of  moderate  damage  is  experienced  by  mobile  homes  alone.  Despite  the  large 
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proportion  of  damage  incurred  by  mobile  homes  and  unreinforced  masonry  buildings 
only  0.4%  of  Alabama  buildings  experience  moderate  and  extensive  damage,  indicating 
that  most  of  Alabama  is  undamaged  by  the  earthquake. 

Table  4:  NMSZ  Event  Building  Damage  by  Occupancy  Type  for  State  of  Alabama 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,303,224 

539 

0 

Other  Residential 

5,581 

0 

Commercial 

18,249 

119 

0 

Industrial 

2,048 

20 

0 

Other 

2,014 

9 

0 

Total 

1,679,566 

6,268 

0 

Table  5:  NMSZ  Event  Damage  by  Building  Type  for  State  of  Alabama 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,258,071 

6,679 

120 

0 

0 

Steel 

11,399 

439 

97 

3 

0 

Concrete 

3,156 

100 

23 

0 

0 

Precast 

857 

28 

10 

1 

0 

Reinforced  Masonry 

5,178 

70 

24 

1 

0 

Unreinforced  Masonry 

74,050 

3,436 

506 

18 

0 

Mobile  Home 

278,809 

31,026 

5,417 

48 

0 

Total 

1,631,520 

41,778 

6,197 

71 

0 

Table  6:  Essential  Facilities  Damage  and  Functionality  for  NMSZ  Event  in  the  State  of  Alabama3 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 
(State) 

Total  No. 
Facilities 
(12  Critical 
Counties) 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  > 
50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

137 

19 

0 

0 

137 

Schools 

1,870 

270 

0 

0 

1,870 

EOCs 

27 

3 

0 

0 

27 

Police  Stations 

496 

78 

0 

0 

496 

Fire  Stations 

1,388 

250 

0 

0 

1,388 

3  For  Tables  in  this  section  the  following  method  is  used  to  determine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MH  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.).  In  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged.’  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged.’ 
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There  are  thousands  of  essential  facilities  in  the  State  of  Alabama  and  over  500  in  the  12 
critical  counties  alone.  Table  6  highlights  the  damage  and  functionality  of  those  facilities. 
Due  to  the  low  level  of  shaking  and  lack  of  liquefaction  information  employed  in  the 
NMSZ  run  for  Alabama,  no  damage  and  loss  of  functionality  is  estimated,  even  in  the 
critical  counties.  Continued  functionality  of  all  essential  facilities  will  be  critical  as 
Alabama  is  likely  to  provide  support  for  other  states  with  more  severe  impacts  from  a 
NMSZ  event. 

Highway  bridges  are  very  similar  to  essential  facilities  in  that  moderate  or  more  severe 
damage  is  unlikely  and  the  loss  of  functionality  is  minimal.  All  other  transportation 
lifelines  are  similar  as  well,  with  all  facilities  operational  the  day  after  the  earthquake. 
This  will  pennit  emergency  vehicles  and  aircraft  to  access  the  State  of  Alabama  easily, 
where  many  displaced  people  may  be  housed. 


Table  7:  NMSZ  Event  Damage  to  Highway  Bridges  in  the  State  of  Alabama4 


Highway 

l  Bridge  Damage  Assessments 

Total  No.  of 
Bridges 

At  Least  Moderate  Complete 

Damage  Damage 

(Damage  >  50%)  (Damage  >  50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 
Remaining  Counties 

2,366 

12,231 

0  0 

0  0 

2,366 

12,231 

Total  State 

14,597 

0  0 

14,597 

Table  8:  NMSZ  Event  Damage  to  Pipelines  in  the  State  of  Alabama 


Pipeline  Damage  i 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

200,893 

722 

180 

Waste  Water  -  Local 

120,536 

571 

143 

Natural  Gas  -  Regional 

8,558 

3 

1 

Natural  Gas  -  Local 

50,705 

610 

152 

Oil  -  Regional 

2,913 

1 

0 

Damage  to  all  utility  facilities  is  similar  to  damage  estimates  shown  for  transportation 
and  essential  facilities,  and  is  not  shown  here.  All  utility  facilities  are  expected  to  remain 
functional  in  the  immediate  aftermath  of  the  earthquake.  Furthermore,  no  facilities  are 
anticipated  to  incur  moderate  or  more  severe  damage.  Minor  damage  may  occur  in  the 
critical  counties,  though  occurrences  would  be  infrequent.  Pipeline  damage  in  local 
distribution  networks  is  likely,  however.  Table  8  illustrates  the  level  of  damage  predicted 
for  local  and  regional  pipeline  networks  in  the  State  of  Alabama.  Regional  natural  gas 
and  oil  pipelines  are  not  expected  to  incur  much  damage  with  minimal  breaks  and  leaks, 
as  shown  in  Table  8.  This  is  critical  because  these  are  major  transmission  lines  that  carry 
critical  supplies  to  the  east  coast  and  northeast  U.S.  Local  networks  incur  substantially 
more  damage  with  several  hundred  leaks  and  breaks  throughout  the  state.  Despite  the 
cases  of  damage  to  local  pipeline  networks,  potable  water  service  is  expected  to  be 


4  See  footnote  (3). 
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retained  for  all  residences  the  day  after  the  scenario  earthquake.  These  estimates  are 
calculated  from  a  formula  that  uses  the  damage  to  the  distribution  system  to  determine 
the  repair  rate.  Additional  information  on  this  formula  is  available  in  the  HAZUS-MH 
MR2  Technical  Manual  that  accompanies  the  program.  Though  the  number  of  leaks  and 
breaks  may  appear  to  be  large,  they  are  spread  across  many  miles  of  pipeline,  resulting  in 
no  interruptions  in  service.  For  additional  infonnation  on  NMSZ  Event  damage  in 
Alabama  please  refer  to  Appendix  V. 


Alabama  East  Tennessee  Seismic  Zone  Scenario 


The  scenario  for  the  East  Tennessee  Seismic  Zone  is  located  in  northeastern  Alabama  and 
thus  a  new  set  of  critical  counties  is  required.  There  are  13  counties  that  experience  the 
most  intense  shaking  from  the  ETSZ  event  and  though  they  are  not  highlighted  in  Figure 
11,  they  are  visible  in  the  northeast  corner  of  the  state.  These  13  critical  counties  are  as 
follows: 


■  Blount 

■  Calhoun 

■  Cherokee 

■  Dekalb 

■  Etowah 


■  Jackson 

■  Jefferson 

■  Limestone 

■  Madison 

■  Marshall 


■  Morgan 

■  Saint  Clair 

■  Talladega 


Table  9:  ETSZ  Event  Building  Damage  by  Occupancy  Type  for  the  State  of  Alabama 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

1,303,224 

2,431 

410 

Other  Residential 

354,031 

3,241 

127 

Commercial 

18,249 

61 

5 

Industrial 

2,048 

48 

2 

Other 

2,014 

5 

0 

Total 

1,679,566 

5,786 

544 

The  ETSZ  event  generates  several  thousand  damaged  structures,  most  of  which  occur  in 
the  13  critical  counties.  Of  the  544  “completely”  damaged  structures,  all  buildings  are  in 
the  critical  counties.  Furthermore,  all  but  30  of  the  “at  least  moderately”  damaged 
buildings  are  in  the  critical  counties.  Residential  structures  incur  most  of  damage,  with 
98%  of  residential  structures  incurring  at  least  moderate  damage.  Table  9  illustrates  the 
distribution  of  damage  by  occupancy  type  for  the  ETSZ  scenario  event. 

The  higher  peak  ground  accelerations  in  northeast  Alabama  produce  several  thousand 
cases  of  damage  to  wood  frame  buildings,  in  addition  to  the  damage  incurred  by 
unreinforced  masonry  buildings  and  mobile  homes.  The  addition  of  new  liquefaction 
information  to  this  scenario  for  Alabama  is  a  major  factor  contributing  to  the  number  of 
complete  damage  cases.  Over  70%  of  all  complete  damage  cases  occur  in  wood  frame 
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buildings  with  another  20%  coming  from  mobile  homes.  Additional  infonnation  on 
building  type  damage  is  shown  in  Table  10. 


The  ESTZ  event  produces  numerous  cases  of  damage  to  critical  facilities.  Several  fire 
stations,  all  near  the  epicenter  in  northeast  Alabama,  incur  moderate  or  more  severe 
damage.  A  total  of  22  fire  stations  in  that  same  region  are  not  operational  immediately 
after  the  earthquake  and  will  inhibit  the  ability  of  those  firefighters  to  respond  to 
emergency  calls.  The  same  is  true  for  non-operational  police  stations  in  northeast 
Alabama.  Table  1 1  illustrates  the  damage  and  functionality  loss  expected  for  the  ETSZ 
event  in  Alabama.  Transportation  lifeline  damage  to  bridges  is  representative  of  all 
transportation  infrastructure.  Cases  of  damage  and  functionality  loss  are  limited  and 
located  within  miles  of  the  epicenter.  Table  12  highlights  the  damage  and  functionality 
estimates  for  the  ETSZ  event. 


Table  10:  ETSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Alabama 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,255,446 

7,365 

1,596 

69 

392 

Steel 

11,814 

64 

42 

14 

4 

Concrete 

3,247 

16 

11 

4 

2 

Precast 

879 

8 

5 

2 

0 

Reinforced  Masonry 

5,234 

19 

14 

5 

3 

Unreinforced  Masonry 

76,394 

1,127 

371 

81 

38 

Mobile  Home 

305,185 

6,983 

2,676 

352 

105 

Total 

1,658,199 

15,582 

4,715 

527 

544 

Table  11:  ETSZ  Event  Essential  Facilities  Damage  for  the  State  of  Alabama5 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

137 

1 

0 

136 

Schools 

1,870 

8 

0 

1,856 

EOCs 

27 

0 

0 

27 

Police  Stations 

496 

6 

0 

485 

Fire  Stations 

1,388 

12 

0 

1,366 

5  See  footnote  (3). 
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Table  12:  ETSZ  Event  Highway  Bridge  Damage  for  the  State  of  Alabama6 


Highway  Bridge  Damage  Assessments 

Total  No.  of 
Bridges 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality  > 
50%  at  Day  1 

13  Critical  Counties 

4,014 

1 

0 

4,013 

Remaining  Counties 

10,583 

0 

0 

10,583 

Total  State 

14,597 

1 

0 

14,596 

There  are  over  15,000  communication  facilities  in  the  State  of  Alabama  and  over  160  of 
those  are  expected  to  incur  at  least  moderate  damage  from  the  ETSZ  event  (see  Table  13). 
All  damage  is  confined  to  the  critical  counties  in  northeast  Alabama.  Though  no  other 
utility  facilities  damage  estimates  are  shown,  other  facility  types  follow  the  same 
distribution  trends  as  communication  facilities.  For  more  detailed  results  on  utility 
damage  and  functionality,  please  refer  to  Appendix  V.  Damage  and  functionality  maps 
can  be  found  in  Appendix  VIII. 


Table  13:  ETSZ  Event  Communication  Facilities  Damage  for  the  State  of  Alabama7 


Communication  Damage  Assessments 

Total  No. 
Facilities 

At  Least  Moderate  Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

13  Critical  Counties 

5,180 

162 

0 

Remaining  Counties 

10,161 

0 

0 

Total  State 

15,341 

162 

0 

Damage  to  pipelines  is  limited,  with  less  than  500  total  leaks  and  200  total  breaks 
throughout  the  state.  All  leaks  and  breaks  occur  along  local  distribution  lines,  which 
indicates  that  all  major  transmission  lines  remain  intact  and  will  continue  transporting 
product  in  the  days  immediately  after  the  earthquake.  Service  interruptions  are  shown  in 
Table  14  for  electric  power  facilities  only,  since  no  service  interruptions  are  expected  for 
potable  water  facilities.  The  day  after  the  earthquake  nearly  7,400  households  are  without 
power,  with  over  1,700  households  still  without  power  after  one  week.  These  service 
outages  will  prevent  residents  from  remaining  in  their  homes,  resulting  in  some  seeking 
temporary  public  shelter. 


Table  14:  ETSZ  Event  Service  Interruptions  for  the  State  of  Alabama 


Utility  Service  Interruptions 

Number  of  Households  without  Service 

No.  Households 

Day  1  Day  3  Day  7  Day  30  Day  90 

Electric  Power 

7,389  4,367  1,715  349  10 

6  See  footnote  (3). 

7  See  footnote  (3). 
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Arkansas  New  Madrid  Seismic  Zone  Scenario 


The  NMSZ  event  generates  substantial  shaking  in  northeastern  Arkansas  counties.  There 
are  34  critical  counties  identified  in  this  portion  of  the  state  that  are  expected  to  incur  the 


majority  of  all  damage.  These  critical  counties 

are  illustrated  in  Figure  12  and  are  also 

listed  below: 

■  Arkansas 

■  Faulkner 

■  Lee 

■  Randolph 

■  Baxter 

■  Fulton 

■  Lincoln 

■  St.  Francis 

■  Clay 

■  Grant 

■  Lonoke 

■  Sharp 

■  Cleburne 

■  Greene 

■  Mississippi 

■  Stone 

■  Cleveland 

■  Independence 

■  Monroe 

■  Van  Buren 

■  Craighead 

■  Izard 

■  Phillips 

■  White 

■  Crittenden 

■  Jackson 

■  Poinsett 

■  Woodruff 

■  Cross 

■  Jefferson 

■  Prairie 

■  Desha 

■  Lawrence 

■  Pulaski 

Buildings  in  Arkansas  are  heavily  damaged  by  the  NMSZ  Mw7.7 

event.  Complete 

damage  cases 

total  over  50,000  while  moderate  and  severe  damage 

levels  contribute 

another  61,500 

cases.  Table  15  quantifies  damage  estimates  for  various 

occupancy  types. 

Of  the  over  1.2  million  buildings  in  the  State  of  Arkansas,  more  than  95%  are  residential 
buildings.  Over  98%  of  all  complete  damage  occurs  in  residential  buildings,  and  the  same 
is  true  of  moderate  and  severe  damage.  All  cases  of  complete  damage  occur  in  the  34 
critical  counties  and  approximately  59,700,  or  97%,  of  moderate  and  severe  damage 
occurs  in  the  critical  counties. 

Wood  frame  buildings  are  a  substantial  portion  of  Arkansas’  buildings  and  as  a  result 
many  of  these  structures  are  damaged,  as  shown  in  Table  16.  The  significant  shaking  and 
highlight  liquefiable  soils  in  the  critical  counties  are  major  factors  contributing  to  the  tens 
of  thousands  of  cases  of  complete  damage  to  wood  frame  buildings.  While  over  55%  of 
all  complete  damage  occurs  to  wood  frame  structures,  unreinforced  masonry  structures 
and  mobile  homes  account  for  19%  and  24%  of  all  complete  damage,  respectively.  All 
other  buildings  types  comprise  a  much  smaller  portion  of  the  building  inventory  and 
represent  very  small  percentages  of  damaged  structures. 


Table  15:  NMSZ  Event  Building  Damage  by  Occupancy  Type  for  the  State  of  Arkansas 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

936,609 

38,644 

35,742 

Other  Residential 

195,818 

21,792 

13,626 

Commercial 

8,078 

796 

555 

Industrial 

1,461 

155 

174 

Other 

1,169 

102 

62 

Total 

1,143,135 

61,489 

50,159 
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Table  16:  NMSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Arkansas 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

718,424 

58,893 

22,688 

6,744 

28,425 

Steel 

2,398 

295 

218 

152 

332 

Concrete 

776 

92 

58 

47 

81 

Precast 

820 

97 

89 

53 

100 

Reinforced  Masonry 

444 

35 

33 

28 

65 

Unreinforced  Masonry 

96,398 

13,474 

7,340 

4,011 

9,334 

Mobile  Home 

115,965 

23,376 

12,704 

7,324 

11,822 

Total 

935,225 

96,262 

43,130 

18,359 

50,159 

Essential  facilities  in  the  State  of  Arkansas  are  also  substantially  damaged  by  the  NMSZ 
event.  Over  150  of  the  1,330  fire  stations  in  Arkansas  are  at  least  moderately  damaged 
with  191  not  operational  the  day  after  the  earthquake.  In  addition,  94  schools  are 
damaged  with  117  not  functioning  immediately  after  the  event,  as  shown  in  Table  17. 
The  combination  of  non-operational  lire  and  police  services  in  the  critical  counties  will 
severely  inhibit  the  ability  of  emergency  workers  to  respond  to  requests  for  assistance. 
Hospitals  in  the  critical  counties  are  also  out  of  service.  Forty  of  the  103  hospitals  in 
Arkansas  are  not  operational  the  day  after  the  earthquake,  meaning  nearly  all  hospitals  in 
the  critical  counties  will  not  be  able  to  care  for  those  injured  by  the  earthquake  or 
maintain  care  for  current  patients.  Counties  in  western  Arkansas  will  likely  need  to 
provide  support  for  those  out-of-service  facilities  immediately  after  the  earthquake. 


Table  17:  NMSZ  Event  Essential  Facilities  Damage  for  the  State  of  Arkansas8 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

103 

18 

10 

63 

Schools 

1,254 

188 

106 

995 

EOCs 

11 

1 

1 

10 

Police  Stations 

515 

94 

43 

398 

Fire  Stations 

1,330 

151 

63 

1,139 

Transportation  lifelines  provide  much-needed  access  to  portions  of  the  state  that  are 
severely  damaged  by  the  earthquake  and  damaged  roads  or  airport  runways  will  limit  the 
assistance  to  these  areas  in  the  critical  days  after  the  event.  Nearly  700  bridges,  all  in  the 
critical  counties,  are  damaged  and  not  functioning  (see  Table  18)  which  limits  the  number 
of  response  workers,  supplies  and  medical  aid  accessing  northeast  Arkansas.  Though  not 
shown  here,  several  railway  facilities,  port  facilities  and  airports  are  heavily  damaged, 
further  inhibiting  the  movement  of  people  and  supplies  both  into  and  out  of  the  hardest 
hit  areas.  For  more  information  on  damage  to  the  transportation  infrastructure  in 
Arkansas,  please  refer  to  Appendix  V. 


See  footnote  (3). 
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Table  18:  NMSZ  Event  Highway  Bridge  Damage  for  the  State  of  Arkansas9 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

2,883 

688 

290 

2,197 

Remaining  Counties 

2,751 

0 

0 

2,751 

Total  State 

5,634 

688 

290 

4,948 

The  damage  to  electric  power  facilities  shown  in  Table  19  is  representative  of  all  utility 
facility  damage  in  the  State  of  Arkansas.  Of  the  29  electric  power  facilities  in  the  critical 
counties  eight  are  at  least  moderately  damaged  with  one  being  completely  damaged. 
Furthermore,  eleven  facilities  are  not  operational  the  day  after  the  earthquake,  which 
greatly  reduces  the  number  of  customers  receiving  services.  Additionally,  66  waste  water 
and  59  communication  facilities  are  at  least  moderately  damaged  in  the  critical  counties. 
Nearly  half  of  the  229  waste  water  facilities  in  the  critical  counties  are  not  operational  the 
day  after  the  earthquake. 


Table  19:  NMSZ  Event  Electric  Power  Facility  Damage  for  the  State  of  Arkansas10 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

29 

8 

1 

18 

Remaining  Counties 

27 

0 

0 

27 

Total  State 

56 

8 

1 

45 

Table  20:  NMSZ  Event  Utility  Service  Interruptions  for  the  State  of  Arkansas 


Utility 

/  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

Electric  Power 

1,042,696 

175,565 

95,309 

174,382 

68,561 

171,216 

39,398 

132,672 

13,541 

79,737 

112 

With  extensive  damage  and  functionality  loss  to  critical  utility  facilities  in  the  34  critical 
counties,  it  then  follows  that  utility  service  outages  will  be  extensive.  Table  20  illustrates 
the  loss  of  utility  service  in  the  State  of  Arkansas.  The  day  after  the  earthquake,  over 
175,000  of  the  one  million  households  in  the  state  are  without  potable  water  and  over 
95,000  households  are  without  electric  power.  After  one  week  some  households  see 
renewed  service,  though  hundreds  of  thousands  of  people  are  still  without  service.  With 
no  utilities  available  in  their  homes,  many  residents  that  did  not  experience  severe 
structural  damage  to  their  homes  may  be  displaced,  dramatically  increasing  the  number 
of  people  requiring  public  shelter.  For  more  information  on  damage  estimates  for  the 


9  See  footnote  (3). 

10  See  footnote  (3). 
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State  of  Arkansas,  please  refer  to  Appendix  V  for  detailed  impact  assessment  results  and 
see  Appendix  VIII  for  maps  of  damage  and  functionality  losses. 


Illinois  New  Madrid  Seismic  Zone  Scenario 

A  rupture  on  the  northeast  extension  of  the  New  Madrid  Fault  produces  intense  shaking 
in  southern  Illinois.  Forty  counties  near  the  source  of  seismic  activity  are  identified  as 
critical  counties  and  are  expected  to  incur  high  levels  of  damage.  These  counties  are 
highlighted  in  Figure  13  and  are  listed  below: 


■  Alexander 

■  Bond 

■  Calhoun 

■  Clark 

■  Clay 

■  Clinton 

■  Crawford 

■  Edwards 

■  Effingham 

■  Fayette 


■  Franklin 

■  Gallatin 

■  Greene 

■  Hamilton 

■  Hardin 

■  Jackson 

■  Jasper 

■  Jefferson 

■  Jersey 

■  Johnson 


■  Lawrence 

■  Macoupin 

■  Madison 

■  Marion 

■  Massac 

■  Monroe 

■  Montgomery 

■  Perry 

■  Pope 

■  Pulaski 


■  Randolph 

■  Richland 

■  Saint  Clair 

■  Saline 

■  Union 

■  Wabash 

■  Washington 

■  Wayne 

■  White 

■  Williamson 


There  are  roughly  3.3  million  buildings  in  the  State  of  Illinois;  far  more  than  the  other 
states  in  the  eight-state  region.  This  is  in  large  part  due  to  the  substantial  number  of 
buildings  in  Chicago,  Illinois,  located  in  the  northeastern  portion  of  the  state.  These 
buildings  are  not  likely  to  be  damaged  from  an  earthquake,  however,  and  may  skew 
perceptions  of  damaged  building  estimates.  There  are  nearly  17,000  cases  of  complete 
damage  and  nearly  30,000  cases  of  at  least  moderate  damage.  No  buildings  incur 
complete  damage,  which  is  the  rare  collapse  of  a  structure.  More  commonly,  complete 
damage  includes  critical  damage  to  structural  connections,  significant  lateral 
displacement  of  structural  systems  and  other  damage  that  renders  a  building 
uninhabitable.  In  some  cases  damage  is  severe  enough  to  cause  collapse  during 
aftershocks  even  if  it  does  not  occur  during  the  main  event. 

When  compared  to  the  3.3  million  buildings  in  Illinois,  this  is  roughly  1%  of  all  buildings. 
Though  when  considering  the  26,000  cases  of  at  least  moderate  damage  in  the  40  critical 
counties,  which  includes  only  500,000  buildings,  this  equates  to  over  5%  of  all  buildings. 

As  with  many  other  states,  residential  buildings  experience  the  majority  of  building 
damage.  Single  family  homes  and  other  residential  buildings  account  for  all  but  200  cases 
of  complete  damage  and  98%  of  all  at  least  moderate  damage  throughout  the  state,  as 
shown  in  Table  21.  Damage  is  further  classified  by  building  type  in  Table  22.  Wood 
frame  structures  account  for  over  35%  of  all  moderate,  extensive  and  complete  damage 
cases,  while  over  45%  of  all  complete  damage  occurs  with  this  building  type.  Several 
thousand  unreinforced  masonry  buildings  and  mobile  homes  experience  complete 
damage,  though  extensive  and  moderate  damage  levels  occur  even  more. 
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Table  21:  NMSZ  Event  Building  Damage  by  Occupancy  Type  for  the  State  of  Illinois 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

2,780,853 

16,999 

11,586 

Other  Residential 

416,473 

12,046 

5,087 

Commercial 

41,905 

352 

140 

Industrial 

7,466 

40 

11 

Other 

4,515 

46 

36 

Total 

3,251,212 

29,483 

16,860 

Table  22:  NMSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Illinois 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

2,315,085 

21,686 

6,150 

2,750 

7,819 

Steel 

16,145 

656 

193 

15 

60 

Concrete 

31,516 

917 

250 

44 

215 

Precast 

5,382 

178 

71 

8 

26 

Reinforced  Masonry 

5,776 

78 

24 

2 

15 

Unreinforced  Masonry 

638,209 

38,777 

7,430 

1,176 

4,117 

Mobile  Home 

107,166 

23,298 

9,620 

1,750 

4,608 

Total 

3,119,279 

85,590 

23,738 

5,745 

16,860 

Numerous  essential  facilities  are  damaged  and  are  not  operational  in  the  days  after  the 
earthquake,  all  of  which  occurs  in  southern  Illinois  and  the  critical  counties  in  particular. 
There  are  83  at  least  moderately  damaged  schools  with  60  of  those  being  completely 
damaged.  All  of  these  schools  are  in  the  southernmost  counties  in  Illinois,  and  since 
schools  frequently  function  as  shelters  for  displaced  people,  southern  Illinois  is  likely  to 
be  without  some  of  its  sheltering  facilities.  Nearly  40  fire  stations  and  20  police  stations 
are  damaged  while  80  fire  stations  and  over  45  police  stations  are  not  operational  the  day 
after  the  earthquake,  as  shown  in  Table  23.  This  lack  of  functioning  facilities  will  make 
the  organization  of  immediate  emergency  response  workers  difficult,  since  there  will  be 
limited  facilities  available  to  coordinate  these  efforts. 

The  functional  capacity  of  most  transportation  lifelines  is  reduced,  particularly  in  the 
critical  counties.  There  are  over  250  at  least  moderately  damaged  bridges  that  will  not  be 
functioning  at  full  capacity,  as  shown  in  Table  24.  With  71  bridges  experiencing 
complete  damage,  and  all  of  these  bridges  in  the  southernmost  counties,  this  portion  of 
the  state  will  have  very  limited  mobility  when  it  comes  to  the  movement  of  people  and 
aid  into  and  out  of  the  region.  Additionally,  30  airports,  20  ports  and  10  railway  facilities 
are  at  least  moderately  damaged  and  not  operational  the  day  after  the  earthquake.  For 
further  information  on  transportation  damage  and  functionality,  please  refer  to  Appendix 
V. 
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Table  23:  NMSZ  Event  Essential  Facilities  Damage  for  the  State  of  Illinois11 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

249 

3 

1 

217 

Schools 

5,722 

83 

60 

5,464 

EOCs 

149 

2 

2 

145 

Police  Stations 

1,044 

21 

15 

997 

Fire  Stations 

1,725 

38 

32 

1,645 

Table  24:  NMSZ  Event  Highway  Bridge  Damage  for  the  State  of  Illinois12 


Highway  Bridge  Damage  Assessments 

Total  No.  of 
Bridges 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

6,554 

264 

71 

6,293 

Remaining  Counties 

16,300 

0 

0 

16,300 

Total  State 

22,854 

264 

71 

22,593 

Utility  lifeline  damage  and  functionality  is  exemplified  by  waste  water  facilities  estimates 
in  Table  25.  There  are  thousands  of  waste  water  facilities  in  the  State  of  Illinois  and 
roughly  2,000  in  the  critical  counties.  Over  450  facilities  are  at  least  moderately  damaged, 
which  equates  to  20%  of  all  facilities  in  the  critical  counties.  Nearly  1,000  facilities  in 
this  same  area  are  not  functioning  the  day  after  the  earthquake  which  will  substantially 
limit  the  service  provided  to  customers  in  southern  Illinois.  Additionally,  nearly  60 
electric  power  facilities  are  damaged  and  approximately  130  non-operational  at  day  1. 
Communication  facilities  also  show  a  high  frequency  of  damage  in  the  critical  counties 
with  1,450  at  least  moderately  damaged  facilities,  or  which  is  roughly  20%  of  the  7,500 
facilities  in  that  area. 


Table  25:  NMSZ  Event  Waste  Water  Facilities  Damage  for  the  State  of  Illinois13 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

2,221 

461 

8 

1,246 

Remaining  Counties 

7,168 

0 

0 

7,168 

Total  State 

9,389 

461 

8 

8,414 

In  addition  to  the  significant  damage  to  facilities,  utility  distribution  lines  show  thousands 
of  breaks  and  leaks  as  well.  The  local  potable  water  distribution  network  incurs  nearly 


11  See  footnote  (3). 

12  See  footnote  (3). 

13  See  footnote  (3). 
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5,500  breaks  and  leaks,  over  nearly  165,000  miles  of  pipe.  Furthermore,  regional 
pipelines  that  transmit  natural  gas  and  oil  nationwide  incur  numerous  leaks  in  southern 
Illinois  and  may  inhibit  the  transport  of  these  commodities  to  regions  far  outside  the 
NMSZ.  Damage  to  pipelines,  especially  in  the  local  distribution  networks,  interrupts 
services  for  many  customers,  as  shown  in  Table  26.  The  day  after  the  earthquake,  nearly 
71,000  households  are  without  potable  water  and  nearly  70,000  households  are  left 
without  electric  power.  Even  after  one  week,  43,000  customers  are  without  potable  water 
and  nearly  25,000  households  without  power.  As  mentioned  earlier,  this  large  number  of 
households  without  critical  services  will  increase  the  number  of  people  seeking  public 
shelter,  even  if  their  homes  are  not  structurally  damaged  or  condemned.  For  more 
information  on  direct  damage  and  functionality  of  Illinois  infrastructure,  please  refer  to 
Appendix  V  for  detailed  impact  assessment  results  and  Appendix  VIII  for  maps  of 
damage  and  functionality. 


Table  26:  NMSZ  Event  Utility  Service  Interruptions  for  the  State  of  Illinois 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

4,591,779 

56,532 

43,091 

26,770 

0 

Electric  Power 

69,641 

48,139 

24,340 

6,678 

83 

Indiana  New  Madrid  Seismic  Zone  Scenario 


The  northeast  segment  of  the  New  Madrid  Fault  produces  a  moderate  level  of  shaking  in 
the  southwestern  counties  of  Indiana.  A  total  of  1 1  counties  are  identified  in  this 
southwest  portion  of  the  state  and  are  considered  critical  in  that  they  are  likely  to  incur 
the  majority  of  the  damage  experienced  in  the  state.  These  counties  are  highlighted  in 
Figure  14  and  are  listed  on  the  following  page: 


■  Daviess 

■  Dubois 

■  Gibson 

■  Greene 


■  Knox 

■  Pike 

■  Posey 

■  Spencer 


■  Sullivan 

■  Vanderburgh 

■  Warrick 


There  are  over  1.9  million  buildings  in  the  State  of  Indiana  and  most  remain  undamaged 
by  the  NMSZ  event.  Table  27  shows  that  nearly  6,500  buildings,  or  roughly  one-third  of 
1%  of  all  Indiana  buildings,  incur  at  least  moderate  damage.  Of  the  160,000  buildings  in 
the  critical  counties,  only  3,500,  or  2%  of  all  buildings  in  the  critical  counties,  incur  at 
least  moderate  damage.  This  also  indicates  that  damage  from  the  NMSZ  earthquake  is  not 
confined  to  the  critical  counties  as  is  the  case  with  some  other  scenarios.  What  is 
consistent  with  other  scenarios,  however,  is  that  the  majority  of  damage  occurs  in 
residential  structures,  as  shown  in  Table  27.  Building  damage  by  building  type  is 
illustrated  in  Table  28.  Most  cases  of  moderate  and  extensive  damage  are  incurred  by 
unreinforced  masonry  and  mobile  homes,  which  is  consistent  with  other  scenarios  that 
show  only  moderate  levels  of  shaking,  such  as  Alabama.  In  comparison  with  other  states 
in  the  eight-state  region,  Indiana  experiences  very  little  damage  to  buildings. 
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Table  27:  NMSZ  Event  Building  Damage  by  Occupancy  Class  in  the  State  of  Indiana 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,675,434 

2,814 

2 

Other  Residential 

229,169 

3,189 

0 

Commercial 

19,034 

154 

0 

Industrial 

4,317 

37 

0 

Other 

266 

0 

Total 

1,932,056 

6,460 

2 

Table  28:  NMSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Indiana 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,388,618 

7,908 

150 

0 

0 

Steel 

8,288 

463 

191 

13 

0 

Concrete 

2,618 

126 

39 

1 

0 

Precast 

2,862 

158 

90 

7 

0 

Reinforced  Masonry 

1,737 

35 

14 

1 

0 

Unreinforced  Masonry 

337,716 

18,051 

2,823 

109 

2 

Mobile  Home 

140,340 

16,674 

2,994 

28 

0 

Total 

1,882,179 

43,415 

6,301 

159 

2 

Damage  to  essential  facilities  and  transportation  lifelines  show  similar  results,  in  so  far  as 
damage  and  functionality  losses  are  very  uncommon  or  nonexistent.  As  shown  in  Table 
29,  no  facilities  are  expected  to  incur  at  least  moderate  damage,  though  less  severe 
damage  forms  are  possible.  Such  forms  of  damage  may  include  minor  cracking  to 
concrete  and  masonry  structures.  There  is  some  loss  of  functionality,  all  of  which  occurs 
in  the  1 1  critical  counties.  Schools  show  the  greatest  loss  of  functionality,  with  56  schools 
not  operational  the  day  after  the  earthquake.  Another  nine  hospitals,  18  fire  stations  and 
six  police  stations  are  also  not  functioning  at  this  same  point  in  time.  Transportation 
lifeline  infrastructure  items  are  similar  in  that  there  are  no  cases  of  moderate  damage.  In 
contrast  to  essential  facilities  functionality,  transportation  components  show  no  loss  of 
functionality. 


Utility  facilities  do  not  show  any  cases  of  moderate  or  more  severe  damage,  as  is  the  case 
with  essential  facilities  and  transportation  lifelines.  Furthermore,  there  is  no  loss  of 
functionality,  even  immediately  after  the  earthquake.  While  utility  facilities  show  very 
little  damage,  utility  pipelines  show  numerous  cases  of  breaks  and  leaks,  as  shown  in 
Table  30.  Regional  and  local  natural  gas  networks  are  represented  separately  and  damage 
is  estimated  for  each.  Potable  water  lines  show  the  greatest  amount  of  both  breaks  and 
leaks  at  728  and  753,  respectively.  Local  natural  gas  lines,  however,  show  the  greatest 
break  and  leak  rates  per  length  of  pipe  at  roughly  0.014  leaks/mile  and  breaks/mile 
(roughly  1  leak/break  every  70  miles).  In  addition,  local  and  regional  damage  to  natural 
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gas  lines  can  be  combined  for  a  total  state  damage  estimate  of  650  leaks  and  652  breaks 
over  the  combined  length  of  54,746  miles  of  natural  gas  pipeline. 


Table  29:  NMSZ  Event  Essential  Facilities  Damage  for  the  State  of  Indiana14 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at 

Day  1 

Hospitals 

175 

0 

0 

166 

Schools 

2,686 

0 

0 

EOCs 

51 

0 

0 

Police  Stations 

474 

0 

0 

468 

Fire  Stations 

1,210 

0 

0 

1,192 

Table  30:  NMSZ  Event  Pipeline  Damage  for  the  State  of  Indiana 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

111,394 

753 

728 

Waste  Water  -  Local 

66,836 

596 

576 

Natural  Gas  -  Regional 

10,188 

13 

36 

Natural  Gas  -  Local 

44,558 

637 

616 

Oil  -  Regional 

4,625 

17 

60 

Table  31:  NMSZ  Event  Utility  Service  Interruptions  for  the  State  of  Indiana 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1  Day  3  Day  7  Day  30  Day  90 

Potable  Water 

Electric  Power 

2,336,306 

44,115  34,798  11,075  0  0 

0  0  0  0  0 

The  damage  to  local  distribution  networks  cuts  off  service  for  tens  of  thousands  of 
customers.  Table  31  illustrates  that  over  44,000  households  are  without  potable  water 
service  the  day  after  the  earthquake,  while  all  electric  power  service  is  retained 
throughout  the  state.  Electric  power  lines  are  presumed  to  be  above  ground  and  less  likely 
to  incur  damage  from  moderate  ground  shaking,  unlike  buried  pipelines  that  are 
vulnerable  to  damage  from  liquefaction  and  ground  deformation.  As  a  result  of  the  low 
level  of  shaking,  electric  power  service  is  not  likely  to  be  interrupted  for  residences  in 
Indiana,  even  in  the  first  few  days  following  the  earthquake. 

For  further  information  on  the  earthquake  impact  assessment  results  for  direct  damage  in 
the  State  of  Indiana,  please  refer  to  Appendix  V.  Additional  maps  showing  the 
distribution  of  damage  can  be  found  in  Appendix  VIII. 


See  footnote  (3). 
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Indiana  Wabash  Valley  Seismic  Zone  Scenario 

The  WVSZ  scenario  in  the  State  of  Indiana  employs  the  same  set  of  critical  counties  as 
the  NMSZ  scenario.  The  southwestern-most  counties  in  Indiana  experience  the  most 
intense  shaking  for  both  scenario  events,  thus  the  same  set  of  counties  is  used.  For  more 
information  on  the  shaking  generated  by  these  to  events  in  the  State  of  Indiana,  please 
refer  to  Appendix  I.  The  critical  counties  for  the  State  of  Indiana  are  illustrated  in  Figure 
14  and  are  listed  below: 

■  Daviess  ■  Knox 

■  Dubois  ■  Pike 

■  Gibson  ■  Posey 

■  Greene  ■  Spencer 

The  WVSZ  event  causes  several  thousand  cases  of  complete  damage,  as  well  as  moderate 
and  severe  damage,  to  the  more  than  1.9  million  buildings  in  Indiana.  Of  the  roughly 
9,000  completely  damaged  structures,  96%  are  residential,  with  over  85%  of  these  being 
single  family  homes.  Table  32  illustrates  the  distribution  of  building  damage  by 
occupancy  type.  Furthennore,  more  than  8,600  completely  damaged  buildings  are  located 
in  the  1 1  critical  counties  in  southwest  Indiana.  Moderate  and  severe  damage  is  incurred 
by  another  8,000  structures,  though  only  1,500  of  these  damage  cases  occur  in  the  critical 
counties.  This  indicates  that  damage  is  not  confined  to  the  southwestern  tip  of  Indiana, 
but  occurs  in  counties  outside  that  area,  such  as  Perry,  Crawford,  Orange,  Lawrence, 
Martin,  Monroe,  Owen,  Clay,  Vigo  and  others. 

The  WVSZ  event  produces  higher  levels  of  shaking  than  the  NMSZ  event,  and  as  a  result 
causes  thousands  of  more  cases  of  damage,  particularly  complete  damage.  The 
combination  of  liquefaction  data  and  more  intense  shaking  contributes  significantly  to  the 
large  number  of  wood  frame  building  complete  damage  cases.  Approximately  70%  of  all 
complete  damage  is  experienced  by  wood  frame  structures,  while  another  20%  can  be 
attributed  to  unreinforced  masonry  buildings.  Moderate  and  extensive  damage  states 
show  large  numbers  of  damaged  unreinforced  masonry  structures  and  mobile  homes, 
though  very  little  wood  frame  damage  is  estimated.  Of  the  more  than  7,600  cases  of 
moderate  and  extensive  damage,  greater  than  6,600  cases,  or  87%,  of  the  damage,  can  be 
attributed  to  unreinforced  masonry  and  mobile  homes.  Table  33  shows  the  distribution  of 
building  damage  by  building  type. 

Though  thousands  of  buildings  are  damaged  by  a  WVSZ  event,  essential  facilities  incur 
very  little  damage.  Table  34  shows  that  no  essential  facilities  experience  at  least  moderate 
damage,  though  it  is  likely  that  some  of  these  facilities  will  incur  some  form  of  minor 
damage  from  the  WVSZ  event.  This  may  include  minor  cracking  of  concrete  and 
masonry  or  minor  joint  damage,  though  nothing  severe  enough  to  compromise  the 
operational  capabilities  of  the  facilities.  While  estimates  show  no  moderate  damage,  the 
functionality  of  some  facilities,  particularly  in  the  critical  counties,  is  reduced  from  this 
event.  There  are  20  schools,  15  fire  stations,  eight  police  stations  and  one  hospital  that  are 
not  functional  the  day  after  the  earthquake.  This  is  likely  to  limit  the  emergency  response 


■  Sullivan 

■  Vanderburgh 

■  Warrick 
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capabilities  of  such  services  in  the  hours  immediately  after  the  event,  especially  in  the 
extreme  southwestern  counties  of  Indiana. 


Table  32:  WYSZ  Event  Building  Damage  by  Occupancy  Class  for  the  State  of  Indiana 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,675,434 

5,315 

7,464 

Other  Residential 

229,169 

2,068 

1,161 

Commercial 

19,034 

200 

90 

Industrial 

4,317 

30 

15 

Other 

4,102 

31 

224 

Total 

1,932,056 

7,644 

8,954 

Table  33:  WVSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Indiana 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,370,489 

19,342 

515 

24 

6,305 

Steel 

8,545 

222 

83 

4 

101 

Concrete 

2,655 

72 

13 

0 

44 

Precast 

2,912 

107 

46 

2 

51 

Reinforced  Masonry 

1,717 

41 

15 

0 

14 

Unreinforced  Masonry 

330,681 

21,176 

4,936 

227 

1,683 

Mobile  Home 

148,359 

9,140 

1,767 

13 

756 

Total 

1,865,358 

50,100 

7,374 

270 

8,954 

Table  34:  WVSZ  Event  Essential  Facilities  Damage  for  the  State  of  Indiana15 


Essential  Facilities  Damage  &  Functionality 

Essential 
Facility  Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

175 

0 

0 

174 

Schools 

2,686 

0 

0 

2,666 

EOCs 

51 

0 

0 

49 

Police  Stations 

474 

0 

0 

466 

Fire  Stations 

1,210 

0 

0 

1,195 

Despite  the  moderate  level  of  shaking  in  several  southwestern  Indiana  counties,  most 
transportation  lifeline  components  remain  largely  undamaged  by  the  WVSZ  event.  All 
highway  bridges  remain  functional  even  in  the  days  immediately  after  the  earthquake  and 
none  of  these  bridges  incur  moderate  or  more  severe  damage.  All  railway  bridges,  as  well 
as  railway  and  port  facilities,  remain  undamaged  and  operational.  Five  airports  in 
southwestern  Indiana,  however,  incur  moderate  damage,  which  leaves  two  airports  non- 


See  footnote  (3). 
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operational  in  the  days  immediately  after  the  event.  These  estimates  are  not  shown  here 
but  can  be  found  in  Appendix  V. 

Numerous  types  of  utility  lifelines  incur  damage,  including  hundreds  of  communication 
facilities,  as  shown  in  Table  35.  There  are  nearly  2,500  communication  facilities  in  the  1 1 
critical  counties  and  432  of  these  facilities  experience  at  least  moderate  damage.  Three 
facilities  outside  the  area  in  Vigo  County  also  incur  at  least  moderate  damage.  Of  these 
435  damaged  facilities,  only  131  are  not  functioning  the  day  after  the  event.  In  addition  to 
communication  facilities  damage,  23  electric  power  facilities  experience  at  least 
moderate  damage,  and  53  of  these  facilities  are  not  operational  the  day  after  the  event. 
Furthermore,  22  waste  water  facilities  are  not  functioning  immediately  after  the 
earthquake. 


Table  35:  WVSZ  Event  Communication  Facilities  Damage  for  the  State  of  Indiana16 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

2,490 

432 

0 

2,359 

Remaining  Counties 

19,189 

3 

0 

19,189 

Total  State 

21,679 

435 

0 

21,548 

This  dramatic  loss  of  functionality  in  the  southwestern  counties  of  Indiana  will  severely 
limit  service  to  area  customers.  As  illustrated  in  Table  36,  tens  of  thousands  of  people  are 
without  critical  utility  services  in  the  days  and  weeks  following  the  WVSZ  event.  Over 
42,000  households  are  without  potable  water  the  day  after  the  earthquake,  while  nearly 
27,000  are  still  without  water  after  one  week.  Electric  power  is  cut  off  for  nearly  15,000 
people  immediately  after  the  event  with  over  4,000  still  without  power  after  a  week.  A 
lack  of  these  services  will  likely  prevent  residents  from  staying  in  their  homes  and 
increase  the  number  of  people  seeking  public  shelter.  For  more  information  on  WSVZ 
impact  assessment  results,  please  refer  to  Appendix  V. 


Table  36:  WVSZ  Event  Utility  Service  Interruptions  for  the  State  of  Indiana 


Utility 

/  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1  Day  3  Day  7  Day  30  Day  90 

Potable  Water 

Electric  Power 

2,336,306 

42,022  31,248  26,786  18,504  0 

14,994  9,419  4,185  1,169  19 

See  footnote  (3). 
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Kentucky  New  Madrid  Seismic  Zone  Scenario 


The  northeast  fault  segment  generates  substantial  shaking  in  western  Kentucky.  As  a 
result  25  counties  are  identified  in  that  area  and  are  expected  to  incur  the  majority  of  the 
damage  from  a  NMSZ  earthquake.  These  critical  counties  are  highlighted  in  Figure  15 
and  are  also  listed  below: 


Ballard 

■  Fulton 

■  Logan 

-  Todd 

Caldwell 

■  Graves 

■  Lyon 

■  Trigg 

Calloway 

■  Hancock 

■  McCracken 

■  Union 

Carlisle 

■  Henderson 

■  McLean 

■  Webster 

Christian 

■  Hickman 

■  Marshall 

Crittenden 

■  Hopkins 

■  Muhlenberg 

Daviess 

■  Livingston 

■  Ohio 

The  State  of  Kentucky  experiences  substantial  damage  to  its  building  stock  of  nearly  1.5 
million  buildings,  most  of  which  is  confined  to  the  western  half  of  the  state.  Table  37 
illustrates  the  number  of  building  damaged  by  the  NMSZ  event.  Nearly  30,000  buildings 
are  completely  damaged  and  another  53,000  buildings  experience  moderate  or  severe 
damage.  All  but  roughly  150  cases  of  complete  damage  occur  in  the  critical  counties  and 
approximately  95%  of  all  moderate  and  severe  damage  occurs  in  these  counties.  As  with 
many  other  scenarios,  residential  structures  comprise  the  majority  of  the  damage.  Nearly 
98%  of  all  complete  damage  and  over  99%  of  all  moderate  and  severe  damage  occurs  to 
single  family  homes  and  other  residential  buildings.  This  percentage  of  damage  is 
proportional  to  the  inventory;  however,  roughly  98%  of  the  building  stock  is  residential 
construction.  As  mentioned  earlier,  other  residential  structures  are  most  commonly  multi¬ 
unit  dwellings. 


Table  37:  NMSZ  Event  Building  Damage  by  Occupancy  Type  for  the  State  of  Kentucky 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,159,114 

39,150 

18,768 

Other  Residential 

292,873 

13,050 

9,673 

Commercial 

16,431 

306 

475 

Industrial 

3,002 

48 

53 

Other 

1,900 

34 

60 

Total 

1,473,320 

52,588 

29,029 

Building  damage  by  building  type  is  shown  in  Table  38.  Nearly  half  of  all  complete 
damage  occurs  in  wood  frame  structures,  with  mobile  homes  comprising  30%  of 
complete  damage  and  unreinforced  masonry  (URM)  representing  slightly  less  than  30%. 
Though  nearly  14,000  cases  of  complete  damage  occur  to  wood  frame  structures,  this 
only  represents  1.3%  of  all  wood  frame  buildings  in  Kentucky.  The  roughly  6,200  URMs 
and  8,800  mobile  homes  that  are  completely  damaged  represent  a  much  higher  portion  of 
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their  respective  inventories  at  3.9%  of  all  URMs  and  3.6%  of  all  mobile  homes.  When 
comparing  these  percentages,  it  is  evident  that  URMs  are  more  vulnerable  to  damage 
despite  having  fewer  actual  instances  of  complete  damage.  The  same  type  of  comparison 
can  be  done  for  moderate  and  extensive  damage.  In  this  case,  the  11,800  instances  of 
moderate  and  severe  damage  to  mobile  homes  represents  4.8%  of  all  mobile  homes  in 
Kentucky,  which  is  the  greatest  proportion  of  inventory  damaged  at  this  level  by  far. 
Only  3.4%  of  wood  frame  buildings  and  2.7%  of  URMs  are  damaged  at  these  severity 
levels. 


Table  38:  NMSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Kentucky 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

992,135 

18,737 

24,772 

11,617 

13,726 

Steel 

6,430 

264 

93 

39 

201 

Concrete 

1,782 

51 

22 

15 

58 

Precast 

1,907 

74 

42 

19 

69 

Reinforced  Masonry 

1,109 

20 

13 

10 

39 

Unreinforced  Masonry 

137,881 

8352 

2,434 

1,720 

6,161 

Mobile  Home 

197,127 

25935 

7,952 

3,840 

8,775 

Total 

1,338,371 

53,433 

35,328 

17,260 

29,029 

Essential  facilities  experience  substantial  damage,  particularly  in  the  westernmost 
counties  in  Kentucky.  Nearly  100  schools  are  at  least  moderately  damaged,  with  roughly 
80  being  completely  damaged.  This  leaves  nearly  all  schools  in  Fulton,  Hickman,  Carlisle, 
Ballard,  McCracken,  Graves,  Calloway  and  Marshall  Counties  completely  damaged  and 
non  functional  for  a  significant  period  after  the  earthquake.  Schools  are  often  used  as 
public  shelters,  though  with  so  many  damaged  in  western  Kentucky  displaced  people  will 
need  to  be  housed  elsewhere.  Emergency  services  also  suffer  tremendous  losses  in 
western  Kentucky.  There  are  77  at  least  moderately  damaged  fire  stations  and  23  police 
stations  similarly  damaged,  as  shown  in  Table  39.  In  addition,  107  fire  stations  and  34 
police  stations,  all  in  the  western  Kentucky,  are  not  operational  the  day  after  the  event. 
With  17  hospitals  in  that  same  area  not  operational,  all  emergency  response  services  will 
be  impaired. 


Table  39:  NMSZ  Event  Essential  Facilities  Damage  for  the  State  of  Kentucky17 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

135 

6 

4 

118 

Schools 

1,846 

98 

79 

1,713 

EOCs 

0 

0 

0 

Police  Stations 

23 

19 

373 

Fire  Stations 

77 

61 

959 

See  footnote  (3). 
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Transportation  lifelines  in  the  critical  counties  incur  substantial  damage  and  are  likely  to 
make  travel  within  the  region  and  access  to  the  region  from  the  outside  difficult.  There 
are  approximately  200  damaged  bridges  in  western  Kentucky  and  nearly  50  of  those  are 
completely  damaged,  indicating  they  will  not  regain  functionality  for  a  significant  period 
of  time  (see  Table  40).  The  majority  of  these  completely  damaged  bridges  are  in  Fulton, 
Hickman,  Carlisle,  Ballard,  McCracken  and  Graves  Counties.  In  addition,  there  are  14 
completely  damaged  port  facilities,  with  roughly  half  on  the  Mississippi  and  half  on  the 
Ohio  Rivers.  Also,  19  airports  are  moderately  or  more  severely  damaged  with  13  non 
operational  immediately  after  the  earthquake. 


Table  40:  NMSZ  Event  Highway  Bridge  Damage  for  the  State  of  Kentucky18 


Highway 

/  Bridge  Damage  Assessments 

Total  No. 
of  Bridges 

At  Least  Moderate  Complete 

Damage  Damage 

(Damage  >50%)  (Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 
Remaining  Counties 

2,173 

4,632 

197  46 

0  0 

Total  State 

6,805 

197  46 

Table  41:  NMSZ  Event  Waste  Water  Facilities  Damage  for  the  State  of  Kentucky19 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Waste 

Water  Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

1,561 

523 

81 

764 

Remaining  Counties 

7,530 

0 

0 

7,530 

Total  State 

9,081 

523 

81 

8,294 

In  addition,  numerous  utility  lifelines  are  damaged  and  not  functioning  in  the  critical 
counties.  As  shown  in  Table  41  more  than  500  waste  water  facilities  incur  at  least 
moderate  damage  and  81  of  those  facilities  are  completely  damaged.  In  the  days 
immediately  after  the  earthquake,  approximately  800  waste  water  facilities  in  the  critical 
counties  are  not  functioning,  which  will  severely  limit  service  to  many  residents  in 
western  Kentucky.  Electric  power  facilities  in  the  critical  counties  are  also  heavily 
damaged  with  132  facilities  incurring  at  least  moderate  damage  and  232  of  the  463 
electric  power  facilities  not  operational  immediately  after  the  event.  In  addition,  850 
communication  facilities  are  out  of  service  in  the  days  after  the  earthquake. 

With  such  extensive  functional  losses  in  the  critical  counties,  tens  of  thousands  of 
households  are  without  crucial  services.  Table  42  illustrates  the  numbers  of  households 
without  potable  water  and  electric  power  in  the  days  and  weeks  after  the  NMSZ 
earthquake.  The  day  after  the  event,  nearly  109,000  households  are  without  water  and 
77,000  are  without  electricity.  A  large  portion  of  households  regain  service  within  the 


See  footnote  (3). 
See  footnote  (3). 
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first  week,  but  there  are  still  67,000  households  without  water  in  the  most  heavily 
damaged  areas.  With  such  extended  service  losses  in  western  Kentucky,  some  residents 
whose  homes  are  not  heavily  damaged  may  be  forced  to  leave  due  to  a  lack  of  drinking 
water  and  electricity.  For  more  information  on  direct  damage  and  functional  losses  in  the 
State  of  Kentucky,  please  refer  to  Appendix  V  for  detailed  assessment  results  and  to 
Appendix  VIII  for  damage  and  functionality  maps. 


Table  42:  NMSZ  Event  Utility  Service  Interruptions  for  the  State  of  Kentucky 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

1,590,647 

108,556 

92,742 

66,608 

38,964 

0 

Electric  Power 

77,263 

60,273 

36,450 

11,464 

86 

Mississippi  New  Madrid  Seismic  Zone  Scenario 

The  NMSZ  event  on  the  southwest  segment  of  the  fault  generates  intense  shaking  in 
Mississippi’s  northern  counties.  As  a  result,  25  counties  are  identified  as  critical  and  most 
of  the  damage  incurred  by  the  State  of  Mississippi  is  expected  to  occur  in  this  set  of 
counties.  These  25  critical  counties  are  highlighted  in  Figure  16  and  are  listed  below: 


■  Alcorn 

■  Grenada 

■  Pontotoc 

■  Tishomingo 

■  Benton 

■  Itawamba 

■  Prentiss 

■  Tunica 

■  Bolivar 

■  Lafayette 

■  Quitman 

■  Union 

■  Calhoun 

■  Lee 

■  Sunflower 

■  Yalobusha 

■  Chickasaw 

■  Marshall 

■  Tallahatchie 

■  Coahoma 

■  Monroe 

■  Tate 

■  Desoto 

■  Panola 

■  Tippah 

Buildings  in  Mississippi  are  expected  to  incur  moderate  damage  in  the  northern  portion 
of  the  state,  with  limited  cases  of  complete  damage  which  are  limited  to  the  critical 
counties.  There  are  7,300  buildings  that  are  estimated  to  incur  complete  damage,  all  of 
which  are  in  the  25  critical  counties.  Approximately  35,000  of  the  39,000  moderate  and 
severe  damage  cases  occur  in  the  critical  counties.  Table  43  illustrates  the  distribution  of 
building  damage  by  occupancy  type.  Nearly  all  complete  and  moderate/severe  damage  is 
experienced  by  residential  construction,  leaving  45,000  of  the  one  million  residential 
structures  in  Mississippi  damaged. 

As  with  many  other  NMSZ  states,  wood  frame  buildings  and  mobile  homes  are  the  most 
common  structural  systems.  What  is  uncommon,  however,  is  the  small  percentage  of 
building  inventory  belonging  to  URMs.  In  Mississippi,  approximately  5%  of  the  total 
building  inventory  is  URM  construction.  Nearly  half  of  all  complete  damage  occurs  in 
wood  frame  buildings  even  though  only  25%  of  moderate  damage  is  incurred  by  this  type 
of  construction.  Approximately  60%  of  all  moderate  damage  is  attributed  to  mobile 
homes,  as  shown  in  Table  44.  It  is  also  relevant  to  note  that  while  steel,  concrete  and 
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precast  (concrete)  structures  are  a  much  smaller  portion  of  the  building  stock  in 
Mississippi,  approximately  15%  of  each  of  these  building  types  experiences  at  least 
moderate  damage,  while  only  1 .4%  of  all  wood  frame  buildings  incurs  at  least  moderate 
damage. 


Table  43:  NMSZ  Event  Building  Damage  by  Occupancy  Type  for  the  State  of  Mississippi 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

793,953 

11,343 

3,881 

Other  Residential 

212,185 

26,741 

3,094 

Commercial 

8,062 

705 

190 

Industrial 

1,657 

466 

112 

Other 

1,478 

127 

23 

Total 

1,017,335 

39,382 

7,300 

Table  44:  NMSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Mississippi 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

703,568 

50807 

7,092 

189 

3,335 

Steel 

2,512 

297 

296 

269 

181 

Concrete 

906 

102 

84 

63 

30 

Precast 

955 

104 

113 

78 

40 

Reinforced  Masonry 

494 

39 

36 

21 

12 

Unreinforced  Masonry 

44,187 

6104 

3,553 

1,531 

764 

Mobile  Home 

133,149 

27429 

16,731 

9,326 

2,938 

Total 

885,771 

84,882 

27,905 

11,477 

7,300 

The  northernmost  counties  in  Mississippi  are  greatly  affected  by  damage  and  functional 
losses  to  essential  facilities.  Over  100  schools  experience  at  least  moderate  damage  and 
over  150  are  not  functioning  the  day  after  the  earthquake,  as  shown  in  Table  45.  Nearly 
all  of  these  damaged  schools  are  located  in  Desoto,  Tunica,  Tate,  Marshall  and  Benton 
Counties.  Additionally,  Lafayette,  Union,  Tippah,  Alcom,  and  Prentiss  Counties 
experience  substantial  functional  loss  to  schools  immediately  after  the  earthquake.  There 
are  81  at  least  moderately  damaged  fire  stations  and  nearly  130  not  functioning  the  day 
after  the  earthquake.  Hospitals  in  northwest  Mississippi  are  not  functioning  as  well,  with 
34  facilities  in  the  critical  counties  along  with  Leflore,  Montgomery,  Webster,  Lowndes 
and  Oktibbeha  Counties.  Not  only  will  this  region  be  without  medical  care  services  for 
those  injured  by  the  earthquake,  but  care  for  current  patients  will  likely  require  transport 
to  fully  functioning  facilities  outside  the  critical  counties. 


Transportation  lifelines  experience  damage  primarily  in  northwestern  Mississippi.  Table 
46  illustrates  that  over  70  highway  bridges  are  damaged  and  65  are  not  functioning  the 
day  after  the  earthquake.  Most  of  these  non-functioning  bridges  are  in  Desoto,  Tunica, 
Tate  and  Marshall  Counties.  Five  airports  in  northwest  Mississippi  incur  at  least 
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moderate  damage,  though  they  are  expected  to  remain  fully  functional.  In  some  cases 
damage  to  structures  may  not  affect  functionality  of  the  facility.  Using  airports  as  an 
example,  some  portion  of  the  facility  may  be  damaged,  though  enough  of  the  facility’s 
structure  remains  undamaged  so  that  the  facility  can  remain  operational,  despite  some 
damage  to  one  portion  of  the  facility. 


Table  45:  NMSZ  Event  Essential  Facilities  Damage  for  the  State  of  Mississippi20 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

123 

11 

2 

89 

Schools 

1,281 

110 

10 

1,130 

EOCs 

37 

1 

0 

35 

Police  Stations 

365 

30 

2 

322 

Fire  Stations 

984 

81 

3 

856 

Table  46:  NMSZ  Event  Highway  Bridge  Damage  for  the  State  of  Mississippi21 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

5,043 

73 

0 

4,978 

Remaining  Counties 

11,893 

0 

0 

11,893 

Total  State 

16,936 

73 

0 

16,871 

Table  47:  NMSZ  Event  Communication  Facilities  Damage  for  the  State  of  Mississippi22 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

2,553 

290 

0 

2,553 

Remaining  Counties 

6,663 

0 

0 

6,663 

Total  State 

9,216 

290 

0 

9,216 

Utility  lifelines  experience  substantial  losses  in  the  critical  counties,  especially  in  the 
northwestern-most  critical  counties.  Damage  to  communication  facilities  is  shown  in 
Table  47,  which  illustrates  that  nearly  300  communication  facilities,  all  in  Desoto  and 
Tate  Counties,  are  at  least  moderately  damaged.  Damage  to  these  facilities  is  not  severe 
enough  to  cause  a  substantial  loss  of  functionality,  however.  There  are  nearly  300  waste 
water  facilities  and  48  electric  power  facilities  that  are  not  operational  immediately 


20  See  footnote  (3). 

21  See  footnote  (3). 

22  See  footnote  (3). 
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following  the  earthquake.  Most  of  these  facilities  are  located  in  Desoto,  Tate,  Tunica  and 
the  surrounding  counties. 

There  are  approximately  one  million  households,  or  residences,  in  the  State  of 
Mississippi  and  nearly  42,000  of  those  are  without  potable  water  the  day  after  the 
earthquake.  In  addition,  33,000  are  without  electricity.  Only  2,000  households  have 
potable  water  service  restored  after  a  week,  though  26,000  have  electricity  restored  in 
that  same  period  of  time.  A  lack  of  potable  water  service  for  an  extended  period  of  time, 
as  shown  in  Table  48,  may  force  some  families  to  leave  their  homes,  even  if  the  home  is 
not  significantly  damaged.  For  more  information  on  direct  damage  and  functional  losses 
in  the  State  of  Mississippi,  please  refer  to  Appendix  V  for  detailed  assessment  results  and 
to  Appendix  VIII  for  damage  and  functionality  maps. 


Table  48:  NMSZ  Event  Utility  Service  Interruptions  for  the  State  of  Mississippi 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1  Day  3  Day  7  Day  30  Day  90 

Potable  Water 

Electric  Power 

1,046,434 

41,790  40,256  39,752  28,749  0 

32,601  18,416  6,452  1,276  44 

Missouri  New  Madrid  Seismic  Zone  Scenario 

The  NMSZ  event  on  the  central  thrust  fault  produces  substantial  shaking  in  southeast 
Missouri.  The  counties  that  experience  the  most  significant  shaking  are  designated  as 
critical  counties  and  much  of  the  damage  incurred  is  anticipated  to  occur  in  that  set  of 
counties.  There  are  a  total  of  45  critical  counties  in  addition  to  the  City  of  St.  Louis  in 
Missouri,  which  are  highlighted  in  Figure  17  and  listed  below: 


■  Audrain 

■  Franklin 

■  Oregon 

■  St.  Francois 

■  Bollinger 

■  Gasconade 

■  Osage 

■  St.  Louis 

■  Boone 

■  Howell 

■  Ozark 

■  St.  Louis  City 

■  Butler 

■  Iron 

■  Pemiscot 

■  Scott 

■  Callaway 

■  Jefferson 

■  Perry 

■  Shannon 

■  Cape  Girardeau 

■  Lincoln 

■  Phelps 

■  Stoddard 

■  Carter 

■  Madison 

■  Pike 

■  Texas 

■  Cole 

■  Maries 

■  Pulaski 

■  Warren 

■  Crawford 

■  Miller 

■  Reynolds 

■  Washington 

■  Dent 

■  Mississippi 

■  Ripley 

■  Wayne 

■  Douglas 

■  Montgomery 

■  St.  Charles 

■  Dunklin 

■  New  Madrid 

■  Ste.  Genevieve 

The  City  of  St.  Louis  is  considered  independently  of  St.  Louis  County.  This  distinction 
means  that  there  are  only  45  critical  counties  in  the  State  of  Missouri  and  one  critical  city. 
For  the  purposes  of  this  report,  however,  all  critical  areas  will  be  referred  to  as  critical 
counties,  with  St.  Louis  City  as  its  own  county  for  a  total  of  46,  rather  than  45,  critical 
counties. 


50 


Missouri  is  one  of  the  most  heavily  damaged  states  of  all  the  states  in  the  NMSZ  region. 
Of  the  1.9  million  buildings  in  Missouri,  nearly  122,000  buildings  are  at  least  moderately 
damaged,  which  equates  to  6.5%  of  all  buildings  in  Missouri.  This  is  a  much  higher 
margin  than  the  1-2%  estimated  in  many  other  states.  Table  49  shows  that  nearly  98%  of 
all  cases  of  complete  damage  are  experienced  by  residential  structures.  The  same  is  true 
for  the  at  least  moderate  damage  level.  In  addition,  all  complete  damage  and  98%  of  at 
least  moderate  damage  occur  in  the  46  critical  counties.  The  low  level  of  shaking  outside 
the  critical  counties  causes  roughly  1,800  cases  of  moderate  damage,  though  most  is 
confined  to  the  critical  counties  in  southeast  Missouri. 

Wood  frame  structures,  URMs  and  mobile  homes  are  the  three  building  types  which 
experience  the  most  damage.  Over  15,000  wood  frame  structures  are  completely 
damaged  and  nearly  34,000  are  at  least  moderately  damaged.  This  equates  to  1.3%  and 
2.8%  of  all  wood  frame  building  in  Missouri,  respectively.  The  9,600  mobile  homes  that 
are  completely  damaged  comprise  5%  of  all  of  Missouri’s  mobile  homes,  while  the 
22,500  at  least  moderately  damaged  mobile  homes  represent  11.7%  of  all  mobile  homes 
in  the  state.  Table  50  also  shows  that  27,300  URMs  experience  at  least  moderate  damage 
and  comprise  7.2%  of  all  URMs  in  Missouri. 


Table  49:  NMSZ  Event  Building  Damage  by  Occupancy  Type  for  the  State  of  Missouri 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

1,472,235 

55,807 

23,860 

Other  Residential 

26,748 

12,179 

Commercial 

20,433 

1,560 

651 

Industrial 

2,872 

226 

80 

Other 

2,916 

226 

121 

Total 

1,770,545 

84,567 

36,891 

Table  50:  NMSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Missouri 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,108,809 

40,945 

13,655 

4,808 

15,090 

Steel 

6,800 

601 

360 

109 

298 

Concrete 

2,166 

156 

70 

27 

84 

Precast 

2,291 

179 

129 

41 

97 

Reinforced  Masonry 

1,493 

121 

77 

20 

69 

Unreinforced  Masonry 

317,999 

34,151 

11,730 

3,929 

11,686 

Mobile  Home 

149,399 

20,868 

8,177 

4,544 

9,567 

Total 

1,588,957 

97,021 

34,198 

13,478 

36,891 

Damage  and  functional  losses  to  essential  facilities  in  Missouri  are  most  prominent  in  the 
extreme  southeastern  counties,  where  shaking  is  most  intense.  Nearly  200  schools  and 
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over  100  fire  stations  are  at  least  moderately  damaged.  In  addition,  numerous  facilities 
are  completely  damaged  and  will  not  be  operational  for  an  extended  period  of  time.  The 
day  after  the  earthquake,  37  hospitals,  nearly  300  schools,  67  police  stations  and  135  fire 
stations  are  not  functioning.  The  majority  of  these  facilities  are  located  in  Dunklin, 
Pemiscot,  New  Madrid,  Butler,  Stoddard,  Mississippi,  Ripley,  Wayne  and  Cape 
Girardeau  Counties,  as  well  as  the  St.  Louis  area.  Much  of  southeast  Missouri  is  without 
local  emergency  response  services  and  medical  care,  since  a  majority  of  the  essential 
facilities  are  non-operational  in  the  days  following  the  earthquake. 

The  extensive  damage  to  transportation  lifelines  makes  traveling  within  southeast 
Missouri  incredibly  difficult.  As  shown  in  Table  52,  over  650  highway  bridges  are 
completely  damaged  and  over  1,350  bridges  are  not  operational  immediately  after  the 
earthquake.  Most  bridges  are  in  the  counties  that  experience  substantial,  essential 
facilities  functional  losses  and  these  counties  were  listed  previously.  Numerous  railway, 
port  and  airport  facilities  are  also  damaged.  This  level  of  damage  leads  to  26  airports,  25 
ports  and  16  railway  facilities  out  of  service  in  the  days  immediately  following  the  event. 
With  much  of  this  damage  and  functional  loss  occurring  in  southeast  Missouri,  not  only 
will  it  be  difficult  to  travel  within  this  area,  but  it  will  be  much  harder  to  get  relief 
workers  and  aid  into  the  area  and  injured  or  displaced  families  out  of  the  area. 


Table  51:  NMSZ  Event  Essential  Facilities  Damage  for  the  State  of  Missouri23 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

8 

3 

123 

Schools 

2,817 

185 

85 

2,530 

EOCs 

33 

7 

4 

25 

Police  Stations 

654 

61 

32 

587 

Fire  Stations 

1,399 

116 

48 

1,264 

Table  52:  NMSZ  Event  Highway  Bridge  Damage  for  the  State  of  Missouri24 


Highway 

/  Bridge  Damage  Assessments 

Total  No. 
Of  Bridges 

At  Least  Moderate  «  .  . 

Complete  Damage 

(Damag^>50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 
Remaining  Counties 

7,803 

13,962 

1,363  659 

0  0 

6,447 

13,962 

Total  State 

21,765 

1,363  659 

20,409 

See  footnote  (3). 
See  footnote  (3). 
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Table  53:  NMSZ  Event  Potable  Water  Facility  Damage  for  the  State  of  Missouri25 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

3,413 

758 

48 

2,756 

Remaining  Counties 

5,186 

0 

0 

5,186 

Total  State 

8,599 

758 

48 

7,942 

Utility  lifelines  are  heavily  damaged  as  well,  particularly  in  southeast  Missouri.  Table  53 
illustrates  the  damage  and  functional  loss  of  potable  water  facilities.  Approximately  50 
potable  water  facilities  are  completely  damaged  and  over  650  facilities  are  not  operating 
the  day  after  the  event.  Communication  facilities  also  incur  major  damage,  with  nearly 
1,600  at  least  moderately  damaged  facilities  and  865  non-functioning  facilities 
immediately  after  the  earthquake.  In  addition,  over  100  electric  power  facilities  are  down 
and  63  natural  gas  facilities  are  not  operating.  Most  of  southeast  Missouri  is  so  heavily 
damaged  that  nearly  all  utility  services  are  down  in  the  days  after  the  event. 

This  massive  loss  of  functionality  in  utility  lifelines  leads  to  hundreds  of  thousands  of 
service  interruptions,  as  shown  in  Table  54.  Nearly  150,000  households  are  without 
potable  water  and  100,000  without  electricity  immediately  after  the  earthquake.  After  one 
week,  many  customers  will  see  service  restored,  though  80,000  households  are  still 
without  water  and  40,000  without  electricity.  Even  after  one  month,  tens  of  thousands  of 
customers  are  without  water,  electricity  or  both.  Such  major  lapses  in  service  will  most 
likely  prevent  people  from  remaining  in  their  homes  causing  them  to  seek  temporary,  or 
even  long-term,  shelter  at  public  sheltering  locations.  For  more  information  on  direct 
damage  and  functional  losses  in  the  State  of  Missouri,  please  refer  to  Appendix  V  for 
detailed  assessment  results  and  to  Appendix  VIII  for  damage  and  functionality  maps. 


Table  54:  NMSZ  Event  Utility  Service  Interruptions  for  the  State  of  Missouri 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

2,194,594 

146,368 

115,391 

79,848 

77,818 

38,426 

Electric  Power 

100,141 

70,720 

39,499 

12,955 

121 

Tennessee  New  Madrid  Seismic  Zone  Scenario 

An  event  on  the  southwest  segment  of  the  eastern  fault  in  the  NMSZ  produces  significant 
shaking  in  western  Tennessee.  As  a  result,  37  critical  counties  in  that  region  are  identified 
as  being  are  likely  to  incur  the  most  damage  of  all  counties  throughout  the  state.  These  37 
critical  counties  are  highlighted  in  Figure  18  and  are  also  listed  below: 
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Benton 

■  Gibson 

Carroll 

■  Giles 

Cheatham 

■  Hardeman 

Chester 

■  Hardin 

Crockett 

■  Haywood 

Davidson 

■  Henderson 

Decatur 

■  Henry 

Dickson 

■  Hickman 

Dyer 

■  Houston 

Fayette 

■  Humphreys 

Lake 

■  Robertson 

Lauderdale 

■  Shelby 

Lawrence 

■  Stewart 

Lewis 

■  Tipton 

McNairy 

■  Wayne 

Madison 

■  Weakley 

Maury 

■  Williamson 

Montgomery 

Obion 

Perry 

The  State  of  Tennessee  experiences  the  most  damage  of  all  of  the  states  in  the  NMSZ 
region.  There  are  nearly  82,000  completely  damaged  buildings  and  another  176,000 
moderately  or  severely  damaged  buildings  for  a  total  of  approximately  258,000  damaged 
buildings.  This  represents  over  12%  of  all  the  buildings  in  the  State  of  Tennessee  and  the 
largest  percentage  of  damaged  building  stock  by  far,  when  compared  to  the  other  seven 
NMSZ  states.  As  shown  in  Table  55,  approximately  95%  of  complete  damage  occurs  in 
residential  buildings.  Over  98%  of  all  moderate  and  severe  damage  is  experienced  by 
residential  buildings.  It  is  also  relevant  to  note  that  while  damage  to  commercial 
structures  comprises  a  very  small  portion  of  overall  damage,  the  5,300  at  least  moderately 
damaged  commercial  structures  represent  25%  of  all  commercial  buildings  in  the  State  of 
Tennessee.  Additionally,  all  complete  damage  occurs  in  the  37  critical  counties  and 
nearly  99%  of  moderate  and  severe  damage  occurs  there  as  well. 


Table  55:  NMSZ  Event  Building  Damage  by  Occupancy  Type  for  the  State  of  Tennessee 


General  Occupancy  Type  Damage 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,720,196 

142,729 

58,255 

Other  Residential 

330,518 

31,012 

19,340 

Commercial 

20,582 

1,882 

3,461 

Industrial 

3,553 

286 

520 

Other 

2,337 

170 

331 

Total 

2,077,186 

176,079 

81,907 

Table  56:  NMSZ  Event  Building  Damage  by  Building  Type  for  the  State  of  Tennessee 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,255,670 

180,779 

112,188 

19,319 

34,888 

Steel 

6,045 

222 

171 

353 

1,610 

Concrete 

1,786 

39 

68 

135 

417 

Precast 

1,934 

57 

66 

139 

497 

Reinforced  Masonry 

1,125 

15 

36 

84 

312 

Unreinforced  Masonry 

138,979 

7,893 

7,597 

11,117 

29,385 

Mobile  Home 

199,367 

25,289 

13,577 

11,229 

14,797 

Total 

1,604,906 

214,294 

133,703 

42,376 

81,907 
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Of  the  2.1  million  buildings  in  the  State  of  Tennessee,  1.6  million,  or  77%,  are  of  wood 
frame  construction.  Mobile  homes  and  URMs  comprise  13%  and  9%,  respectively.  The 
city  of  Memphis,  TN,  is  a  major  urban  center  in  the  Central  U.S.,  and  includes  many 
unreinforced  masonry  buildings.  Memphis,  TN,  is  near  the  course  of  seismic  activity  and 
is  heavily  damaged  as  a  result.  Many  URMs  in  Memphis  are  damaged  and  contribute  to 
the  large  number  of  URM  damage  cases.  Approximately  25%  of  all  URMs  in  the  State  of 
Tennessee  are  at  least  moderately  damaged,  while  only  14%  of  mobile  homes  and  10%  of 
wood  frame  buildings  reach  that  same  damage  state.  Nearly  50,000  URMs,  167,000 
wood  frame  buildings  and  37,000  mobile  homes  are  at  least  moderately  damaged  in 
Tennessee,  as  shown  in  Table  56.  This  is  the  most  building  damage  experienced  by  any 
state  in  the  NMSZ  region. 

Damage  and  functional  losses  to  essential  facilities  substantially  impact  the  ability  to 
provide  emergency  services  immediately  after  the  earthquake.  Table  57  shows  that  eight 
hospitals  are  completely  damaged  by  the  NMSZ  event  and  nearly  50  are  not  operational 
the  day  after  the  earthquake.  Of  the  2,309  schools  in  Tennessee,  635  are  not  functioning 
the  day  after  the  earthquake  and  all  are  located  in  the  critical  counties.  A  total  of  nearly 
300  fire  stations  and  150  police  stations  are  also  not  operational.  These  massive 
functional  losses  indicate  that  nearly  all  essential  facilities  in  Shelby,  Tipton,  Lauderdale, 
Dyer,  Lake,  Obion,  Fayette,  Haywood,  Crockett,  Gibson,  Weakley,  Hardeman,  Madison, 
McNairy,  Chester,  Henderson,  Carroll,  Henry,  Hardin,  Decatur,  and  Benton  Counties  are 
not  functioning.  These  21  counties  comprise  the  entire  western  portion  of  Tennessee, 
indicating  that  a  large  portion  of  the  state  will  be  without  emergency  services  and  medical 
care  immediately  after  the  earthquake. 


Table  57:  NMSZ  Event  Essential  Facilities  Damage  for  the  State  of  Tennessee26 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

43 

8 

132 

Schools 

602 

404 

1,674 

EOCs 

0 

0 

0 

0 

Police  Stations 

423 

124 

78 

289 

Fire  Stations 

256 

117 

815 

Transportation  lifelines  are  also  severely  impacted  by  a  NMSZ  event  and  limit  mobility 
into  and  out  of  western  Tennessee  in  the  aftermath  of  the  earthquake.  Nearly  900  bridges 
are  at  least  moderately  damaged,  330  completely  damaged,  and  over  875  not  functioning 
in  the  critical  counties.  Even  if  roads  are  passable,  bridges  are  estimated  to  be  damaged 
and  will  prevent  displaced  residents  from  leaving  and  response  teams  from  entering 
western  Tennessee.  Railway  facilities  are  also  damaged,  with  54  facilities  experiencing  at 
least  moderate  damage  and  over  50  not  functioning  the  day  after  the  event.  Furthennore, 
71  ports  and  37  airports  are  non-operational  immediately  after  the  earthquake.  The 
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majority  of  these  facilities  are  in  Shelby,  Tipton,  Lauderdale,  Dyer,  Haywood,  Crockett, 
Obion,  Weakley  and  Gibson  Counties  in  western  Tennessee. 


Table  58:  NMSZ  Event  Highway  Bridge  Damage  for  the  State  of  Tennessee27 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

3,815 

877 

330 

2,937 

Remaining  Counties 

3,400 

1 

0 

3,400 

Total  State 

7,215 

878 

330 

6,337 

The  intense  shaking  from  the  southwest  segment  rupture  affects  the  performance  of 
utility  lifelines  significantly.  Communication  facilities,  as  illustrated  in  Table  59,  indicate 
that  nearly  3,500  structures  are  at  least  moderately  damaged  and  nearly  2,000  are  not 
functioning  the  day  after  the  earthquake.  With  so  many  communication  facilities  down,  it 
will  be  difficult  to  coordinate  response  efforts  and  determine  which  areas  are  heavily 
damaged  and  in  need  of  assistance.  Of  the  153  electric  power  facilities  in  the  37  critical 
counties,  92  are  not  functioning  the  day  after  the  earthquake.  Half  the  oil  facilities  in  the 
critical  counties  are  shut  down  at  day  1  (32  of  65)  and  nearly  500  of  the  750  waste  water 
facilities  in  the  critical  counties  are  not  operating.  This  indicates  that  nearly  all  utility 
services  in  western  Tennessee  are  moderately  to  substantially  reduced  for  the  first  few 
days  after  the  earthquake. 

The  lack  of  utility  service  is  evident  in  Table  60.  Of  the  2.2  million  households  in  the 
State  of  Tennessee,  nearly  450,000  are  without  potable  water  the  day  after  the  event.  This 
equates  to  approximately  20%  of  all  households  in  the  State  of  Tennessee.  Over  425,000 
households  are  without  power  at  this  time  as  well.  After  one  week,  nearly  300,000 
households  will  have  their  electricity  restored  though  more  than  400,000  households,  all 
in  western  Tennessee,  are  still  without  water.  With  more  than  350,000  households 
without  potable  water  for  a  month  or  more,  many  will  leave  their  homes  and  many  may 
seek  public  shelter. 

For  more  information  on  direct  damage  and  functional  losses  in  the  State  of  Tennessee, 
please  refer  to  Appendix  V  for  detailed  assessment  results  and  to  Appendix  VIII  for 
damage  and  functionality  maps. 
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Table  59:  NMSZ  Event  Communication  Facilities  Damage  for  the  State  of  Tennessee28 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

6,969 

3,468 

48 

5,018 

Remaining  Counties 

9,161 

0 

0 

9,161 

Total  State 

16,130 

3,468 

48 

14,179 

Table  60:  NMSZ  Event  Utility  Service  Interruptions  for  the  State  of  Tennessee 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

Electric  Power 

2,232,905 

446,891 

426,573 

433,647 

296,249 

408,112 

146,276 

360,553 

37,717 

164,750 

508 

Regional  Direct  Damage  &  Functionality 

Each  of  the  ten  earthquake  impact  assessments  completed  in  this  investigation  is  based  on 
a  different  scenario  event.  Eight  scenarios  employ  a  NMSZ  hazard  event,  one  employs  a 
WVSZ  hazard  event  and  the  last  scenario  utilizes  an  ETSZ  hazard  event.  Since  each 
scenario  is  based  on  a  different  hazard,  it  is  unrealistic  to  add  damage  estimates  together 
for  a  regional  damage  total.  Even  the  NMSZ  scenarios  employ  events  on  differing  fault 
segments  and  fault  lines,  meaning  east  or  west  fault  lines  in  the  New  Madrid  Seismic 
Zone.  Though  damage  and  functionality  estimates  should  not  be  added  for  a  region,  total 
general  observations  of  regional  impacts  can  be  made. 

Building  damage  in  all  states,  for  all  scenarios,  indicate  that  residential  buildings  incur 
more  damage  than  any  other  building  use  group/occupancy.  In  addition,  wood  frame 
structures  are  the  most  prevalent  building  type  in  the  NMSZ  and  comprise  a  large  portion 
of  all  building  damage.  Unreinforced  masonry  buildings  comprise  a  much  smaller  portion 
of  the  regional  building  inventory,  though  damage  estimates  show  a  much  higher 
percentage  of  these  structures  are  damaged  from  moderate  and  severe  shaking.  The 
Tennessee  earthquake  impact  assessment  alone  shows  nearly  50,000  at  least  moderately 
damaged  URMs,  so  it  is  reasonable  to  suggest  that  over  100,000  URMs  could  be 
damaged  from  a  rupture  of  the  southwest  extension  and  several  hundred  thousand  URMs 
could  be  damaged  in  the  eight  states  if  successive  ruptures  of  the  three  segments  occur,  as 
in  the  1811-1812  series  of  earthquakes. 

Estimates  of  transportation  damage  and  functionality  indicate  that  counties  nearest  the 
source  of  seismic  activity  are  heavily  damaged  and  do  not  function  in  the  days  and  weeks 
after  the  earthquake.  Several  hundred  highway  bridges  near  the  source  of  seismic  activity 
will  make  travel  in  counties  near  the  source  fault  very  difficult.  Many  airports  and  ports 
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will  not  be  operational  making  it  more  difficult  to  get  supplies  and  rescue  teams  into  the 
most  heavily  damaged  areas. 

Utility  lifelines  show  substantial  damage,  particularly  to  communication  facilities.  The 
improved  communication  facilities  inventories  for  each  state  include  thousands  or  tens  of 
thousands  of  facilities  in  some  states.  The  rupture  of  a  single  segment  could  damage 
10,000  communication  facilities,  some  of  which  service  cell  phones,  severely  reducing 
communication  capabilities,  even  wireless  communication.  Electric  power  facilities  also 
show  hundreds  of  cases  of  damage  and  exhibit  severely  reduced  functionality  in  the 
critical  counties  near  the  fault  segments.  The  same  is  true  of  waste  water  facilities,  as 
they  have  reduced  functionality  in  the  critical  counties.  Reduced  functionality  and 
extensive  pipeline  damage  near  the  faults  leads  to  hundreds  of  thousands  of  households 
with  potable  water  and  electricity  immediately  after  the  event.  With  nearly  450,000 
households  without  potable  water  in  Tennessee  alone,  a  southwest  segment  event  could 
cut  off  service  for  750,000  households,  or  more,  immediately  after  the  event.  Similar 
estimates  of  service  outages  for  electricity  may  occur  as  well. 


Comparison  with  Other  Published  Studies 

There  are  few  earthquake  impact  assessments  to  compare  with  as  the  NMSZ  is  a  largely 
unstudied  region.  In  recent  years,  however,  at  least  one  regionally  comprehensive  impact 
assessment  has  been  completed.  The  Central  U.S.  Earthquake  Consortium  (CUSEC) 
completed  scenarios"  for  each  NMSZ  state  using  the  southwest  segment  ground  motion 
produced  by  the  USGS,  referred  to  earlier  in  this  report.  The  following  discussion 
compares  the  results  of  this  study  with  the  results  obtained  by  CUSEC.  Each  study 
utilized  various  impact  assessment  parameters,  including  the  location  of  the  rupture 
within  the  fault  boundaries,  liquefaction  susceptibility,  and  seismic  design  level,  among 
others.  Many  damage  estimates  are  based  on  the  HAZUS-MH  MR2  methodology  of 
averaging  damage  at  the  county  level,  though  there  are  other  methods  of  determining 
damage.  Another  common  method  of  identifying  levels  of  damage  is  highlighted  in 
Appendix  V  and  is  compared  with  the  method  of  averaging  damage  at  the  county  level. 
Finally,  all  CUSEC  analyses  included  only  a  portion  of  the  counties  in  the  state  scenarios. 
The  counties  identified  in  this  study  as  critical  counties  correspond  to  the  counties  in  the 
CUSEC  study.  As  a  result  all  comparisons  in  this  section  are  for  the  critical  counties  only. 

The  State  of  Tennessee  shows  some  of  the  greatest  damage  estimates  of  all  the  states  in 
this  investigation.  Herein,  nearly  82,000  buildings  are  expected  to  be  completely 
damaged,  though  the  CUSEC  study  predicts  over  1 15,000  buildings  in  that  same  damage 
state.  Estimates  from  CUSEC  indicate  that  67,000  buildings  are  moderately  damaged 
while  this  investigation  predicts  over  131,000  moderately  damaged  buildings.  This 
difference  is  likely  due  to  the  different  liquefaction  susceptibility  maps  used  in  each  study. 
The  CUSEC  study  utilized  a  liquefaction  map  with  very  high  susceptibilities  in 
Tennessee,  leading  to  thousands  more  completely  damaged  buildings,  as  opposed  to  the 


29  The  study  completed  by  CUSEC  is  also  known  as  the  SONS  07  study  due  to  the  conference  where  it  was 
first  presented. 
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less  severe  liquefaction  susceptibility  in  this  study  that  leads  to  fewer  completely 
damaged  buildings  and  more  moderately  damaged  buildings. 

Utility  lifelines  frequently  exhibit  more  damage  and  greatest  services  losses  in  the 
CUSEC  study  than  in  this  study.  The  day  after  the  earthquake,  CUSEC  estimates  that 
nearly  534,000  households  are  without  potable  water  while  this  investigation  shows 
446,000  without  water.  In  addition,  the  CUSEC  study  reports  more  damaged  facilities 
than  this  study.  Again,  this  is  likely  due  to  the  difference  in  liquefaction  susceptibility 
data  used. 

The  State  of  Missouri,  which  utilized  the  central  extension  event  in  this  investigation, 
reports  much  greater  damage  estimates  than  the  CUSEC  study.  This  investigation  shows 
over  83,000  at  least  moderately  damaged  buildings  while  CUSEC  predicts  nearly  53,000 
buildings.  Utility  lifelines  also  show  substantially  greater  damage  in  this  investigation 
with  over  20,000  potable  water  pipeline  breaks,  while  CUSEC  reports  only  17,000  breaks. 
Over  100,000  households  are  expected  to  be  without  power  the  day  after  the  earthquake 
in  this  investigation,  while  CUSEC  shows  only  40,000  households  without  power  at  the 
same  post-earthquake  time  period. 

The  northernmost  states  in  the  NMSZ  experience  substantially  more  damage  and  service 
loss  in  this  investigation,  where  the  closest  fault  rupture  is  used  in  the  impact  assessments. 
In  the  State  of  Illinois,  roughly  17,000  buildings  are  expected  to  incur  complete  damage 
based  on  the  results  of  this  investigation.  The  CUSEC  study  reports  only  4,300  cases  of 
complete  damage.  In  addition,  CUSEC  reports  nearly  16,000  at  least  moderately 
damaged  buildings,  which  is  far  less  than  the  43,000  estimated  in  this  study.  This  is  due 
to  the  different  scenario  events  employed  in  each  investigation.  Waste  water  facilities 
damage  is  not  only  impacted  by  the  scenario  event,  but  also  by  the  vastly  improved 
inventory.  Of  the  2,22 1  waste  water  facilities  in  the  State  of  Illinois,  over  640  are  at  least 
moderately  damaged,  according  to  this  study.  In  contrast,  the  CUSEC  study  shows  only 
300  waste  water  facilities  in  Illinois  and  of  those  only  18  incur  at  least  moderate  damage. 

In  addition,  a  study  was  completed  for  the  Illinois  Emergency  Management  Agency 
(IEMA)  for  a  major  NMSZ  event  in  the  State  of  Illinois.  Different  ground  shaking  was 
used  in  this  scenario,  generating  different  results  from  those  presented  in  this  report.  The 
IEMA  Study  shows  that  approximately  19,000  buildings  are  completely  damaged,  with 
roughly  75,000  buildings  experiencing  at  least  moderate  damage.  Conversely,  this  report 
shows  nearly  17,000  completely  damaged  buildings  and  roughly  30,000  at  least 
moderately  damaged  buildings.  This  difference  is  likely  due  to  the  difference  in  ground 
shaking  and  liquefaction  susceptibility  used  in  the  IEMA  study.  This  reports  shows  over 
250  non-operational  schools,  while  the  IEMA  study  shows  more  than  320  non¬ 
opera  tional  schools  the  day  after  the  earthquake.  Conversely,  this  report  indicates  more 
highway  bridge  damage  than  the  IEMA  study.  This  report  estimates  over  250  at  least 
moderately  damaged  bridges,  even  though  the  IEMA  study  shows  only  150  in  that  same 
damage  state.  Finally,  utility  damage  estimates  differ  greatly  for  some  inventory  items. 
This  vast  difference  is  likely  due  to  the  increased  number  of  facilities  in  this  study  which 
are  not  present  in  the  IEMA  study.  The  IEMA  study  includes  153  electric  power  facilities 


59 


and  518  communication  facilities  of  which  three  and  17  facilities  experience  at  least 
moderate  damage,  respectively.  This  report  includes  nearly  2,200  electric  power  facilities 
and  nearly  35,000  communication  facilities  and  those  facilities  experience  roughly  60  and 
1,450  cases  of  at  least  moderate  damage,  respectively.  The  IEMA  study  and  this  report 
show  different  results,  though  both  represent  plausible  earthquakes  and  corresponding 
damage  to  the  State  of  Illinois.  For  more  information  on  the  IEMA  study,  please  refer  to 
Mid-America  Earthquake  Center  (2007). 

There  are  numerous  parameters  that  affect  the  results  of  earthquake  impact  assessments, 
and  as  a  result  input  variables  must  be  carefully  and  accurately  determined  to  obtain  the 
best  possible  results.  For  more  information  on  the  comparison  of  this  study  with  the 
CUSEC  study,  please  refer  to  Appendix  IX. 


Social  Impact  and  Direct  Economic  Loss 

This  section  provides  social  impacts  and  direct  economic  losses  for  the  ten  scenarios 
completed  in  this  phase  of  the  New  Madrid  Seismic  Zone  Catastrophic  Event  Planning 
project.  Induced  damage  is  also  included  in  this  section  and  is  quantified  by  various  types 
of  debris  resulting  from  infrastructure  damage.  Social  impacts  include  displaced  residents, 
temporary  shelter  population,  various  food,  medical  and  housing  requirements  for 
sheltered  populations  and  casualties.  Lastly,  direct  economic  losses  include  estimates  of 
building,  transportation  and  utility  losses  plus  building  loss  ratios.  As  with  the  earthquake 
impact  assessment  results,  social  impact  and  economic  losses  are  presented  by  scenario. 
At  the  conclusion  of  this  section  is  a  series  of  maps  illustrating  building  loss  ratios  for 
each  scenario.  For  more  infonnation  on  social  impacts  and  economic  losses,  please  refer 
to  Appendix  VI. 

State-Level  Social  Impact  &  Economic  Loss 


Alabama  New  Madrid  Seismic  Zone  Scenario 

Damage  to  infrastructure  generates  112,000  tons  of  debris,  which  is  the  only  form  of 
induced  damage  provided  in  this  investigation.  Debris  estimates  are  divided  into  two 
categories:  steel  and  concrete  debris  and  wood,  masonry  and  building  contents.  This 
differentiation  of  debris  is  based  on  the  type  of  equipment  required  to  clear  the  debris. 
Steel  and  concrete  require  heavy  lifting  equipment  while  wood,  bricks  and  building 
contents  require  much  lighter  and  smaller  equipment.  The  NMSZ  scenario  in  Alabama 
generates  25,000  tons  of  steel  and  concrete  debris  while  the  remaining  87,000  tons  is 
attributed  to  wood,  bricks  and  building  contents. 

There  are  very  few  people  displaced  by  the  NMSZ  event  in  the  southwest  segment.  Table 
61  details  both  displaced  and  shelter-seeking  populations.  Of  the  4.4  million  people  in 
Alabama  only  27  are  displaced  with  the  majority  of  those  people  residing  in  the  12 
critical  counties.  Only  five  people  seek  temporary  shelter  and  it  requires  2,400  square  feet 
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of  space  to  house  these  people  with  300  square  feet  reserved  for  sleeping.  This  sheltered 
population  also  requires  beds,  meals  and  water  while  they  are  in  the  temporary  shelter.  It 
is  also  estimated  that  there  will  be  17  cases  of  chronic  health  conditions  within  the 
displaced  population.  More  detailed  estimates  of  these  needs  are  detailed  in  Appendix  VI. 


Table  61:  NMSZ  Event  Shelter  Requirements  for  the  State  of  Alabama 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

12  Critical  Counties 

624, 368 

24 

5 

Remaining  Counties 

3,822,732 

3 

0 

Total  State 

4,447,100 

27 

5 

Table  62:  NMSZ  Event  Casualties  for  the  State  of  Alabama 


Worst  Case  Casualties  (5:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

12  Critical  Counties 

29 

3 

1 

0 

32 

Other  Remaining  Counties 

39 

6 

8 

2 

56 

Total  State 

68 

9 

9 

2 

88 

Numerous  casualties  occur  due  to  this  event,  though  most  are  minor  injuries.  Of  the  88 
total  casualties,  68  are  minor  injuries  not  requiring  hospitalization.  Two  fatalities  are 
expected  and  these  do  not  occur  in  the  critical  counties.  Of  the  three  times  of  day 
considered  in  the  social  impact  assessment,  an  event  at  5:00  PM  generates  the  greatest 
number  of  casualties,  as  shown  in  Table  62. 

Direct  economic  losses  are  detennined  for  buildings,  transportation  lifelines  and  utility 
lifelines.  Utility  losses  account  for  over  50%  of  all  direct  economic  loses.  Table  63 
illustrates  that  building  losses  and  transportation  losses  contribute  less,  with  38%  and  9%, 
respectively.  Total  direct  economic  losses  are  approximately  $1  billion  which  is  roughly 
0.2%  of  all  assets  in  the  State  of  Alabama.  Additionally,  building  loss  ratios  for  the  State 
of  Alabama  shown  in  Figure  19  at  the  conclusion  of  this  section  illustrate  loss  ratios  for 
the  NMSZ  scenario.  Ratios  are  less  than  5%  of  total  assets  in  any  given  census  tract  and 
are  spread  randomly  across  the  state.  This  is  likely  due  to  the  low  levels  of  ground 
shaking  and  minor  damage  that  is  possible  throughout  the  state.  For  more  infonnation  on 
social  impacts  and  economic  losses  for  this  scenario,  please  refer  to  Appendix  VI. 


Table  63:  NMSZ  Event  Total  Direct  Economic  Loss  for  the  State  of  Alabama 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$269,580,000,000 

$403,930,000 

Transportation 

$108,231,000,000 

$95,700,000 

Utility 

$182,908,800,000 

$568,770,000 

Total 

$559,819,800,000 

$1,068,400,000 
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Alabama  East  Tennessee  Seismic  Zone  Scenario 


The  ETSZ  scenario  generates  146,000  tons  of  debris  in  the  State  of  Alabama.  The 
majority  of  the  debris,  85,000  tons,  is  comprised  of  brick,  wood  and  building  contents. 
The  remaining  6 1 ,000  tons  of  debris  is  attributed  to  concrete  and  steel.  The  higher  levels 
of  shaking  from  the  ETSZ  event  result  in  far  more  displaced  people  than  the  NMSZ 
scenario.  All  1,625  displaced  people  reside  in  the  13  critical  counties  in  eastern  Alabama. 
Roughly  450  people  will  seek  temporary  shelter,  as  shown  in  Table  64.  Over  200,000 
square  feet  of  space  are  required  to  house  the  shelter-seeking  population  and  nearly  6,200 
meals  ready  to  eat  (MREs)  are  needed  to  feed  the  sheltered  population  in  the  first  week 
after  the  event. 


Table  64:  ETSZ  Event  Shelter  Requirements  for  the  State  of  Alabama 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

1,751,879 

1,625 

440 

2,695,221 

0 

0 

Total  State 

4,447,100 

1,625 

440 

Casualty  estimates  show  that  an  event  at  2:00  AM  generates  the  most  casualties.  Table  65 
shows  that  a  total  of  193  casualties  are  expected  from  the  ETSZ  event.  All  but  one 
casualty  occurs  in  the  critical  counties,  with  80%  of  all  casualties  being  minor  injuries. 
Four  fatalities  are  expected  from  this  event  as  well  as  three  serious  injuries  requiring 
immediate  medical  attention.  The  ETSZ  scenario  generates  more  than  twice  as  many 
casualties  as  the  NMSZ  scenario. 


Table  65:  ETSZ  Event  Casualties  for  the  State  of  Alabama 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

13  Critical  Counties 

153 

32 

3 

4 

192 

Other  Remaining  Counties 

1 

0 

0 

0 

1 

Total  State 

154 

32 

3 

4 

193 

The  ETSZ  shows  much  fewer  economic  losses  than  the  NMSZ  event.  In  this  scenario, 
buildings  represent  the  largest  portion  of  the  total  direct  economic  losses,  at  nearly  60% 
of  all  losses.  Utilities  show  a  much  lower  percentage  at  36%,  with  transportation  losses 
making  up  the  remainder.  Direct  economic  losses  total  nearly  $700  million,  as  shown  in 
Table  66.  Building  loss  ratios  are  illustrated  in  Figure  20  at  the  conclusion  of  this  section. 
The  maximum  loss  ratio  occurs  near  the  epicenter  and  it  is  less  than  10%  of  all  building 
value  in  that  area.  For  more  information  on  social  impacts  and  economic  losses  for  this 
scenario,  please  refer  to  Appendix  VI. 
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Table  66:  ETSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Alabama 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$269,580,000,000 

$404,030,000 

Transportation 

$108,231,020,000 

$39,980,000 

Utility 

$182,908,800,000 

$254,400,000 

Total 

$560,719,820,000 

$698,410,000 

Arkansas  New  Madrid  Seismic  Zone  Scenario 

The  intense  shaking  in  the  State  of  Arkansas  from  the  southwest  segment  rupture 
generates  7,000,000  tons  of  debris.  Approximately  3,400,000  tons  are  attributed  to  wood, 
bricks  and  building  contents  while  the  remaining  debris,  3,600,000  tons,  is  steel  and 
concrete.  When  a  25-ton  capacity  truck  is  used  for  debris  removal,  a  total  of  280,000 
truckloads  are  required  to  remove  all  the  debris. 

The  structural  damage  in  Arkansas  leaves  nearly  127,000  people  displaced.  Of  the  1.3 
million  people  that  reside  in  the  34  critical  counties,  approximately  10%  cannot  stay  in 
their  homes.  Roughly  30%  of  the  displaced  population  seeks  temporary  public  shelter. 
This  equates  to  over  37,000  people,  as  shown  in  Table  67.  This  estimate  does  not  include 
those  displaced  due  to  a  lack  of  utility  services.  Estimates  shown  here  may  increase 
significantly  if  those  displaced  from  lack  of  utility  services  are  included. 

The  southwest  rupture  in  the  State  of  Arkansas  causes  approximately  14,000  casualties 
which  are  illustrated  in  Table  68.  Of  the  three  times  of  day  considered,  an  event  at  2:00 
AM  generates  the  greatest  number  of  casualties.  Nearly  75%  of  all  casualties  are  minor 
injuries  (Level  1),  though  nearly  600  fatalities  are  expected.  Though  not  shown  here  all 
casualties  occur  in  the  critical  counties. 


Table  67:  NMSZ  Event  Shelter  Requirements  for  the  State  of  Arkansas 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

34  Critical  Counties 

1,330,090 

126,987 

37,244 

Remaining  Counties 

1,334,739 

1 

0 

Total  State 

2,664,829 

126,988 

37,244 

Table  68:  NMSZ  Event  Casualties  for  the  State  of  Arkansas 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

34  Critical  Counties 

10,275 

2,796 

306 

574 

13,951 

Remaining  Counties 

21 

1 

4 

0 

26 

State  Total 

10,296 

2,797 

310 

574 

13,977 
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Direct  economic  losses  for  the  State  of  Arkansas  total  approximately  $19  billion.  Table 
69  shows  the  distribution  of  economic  losses  by  major  inventory  group.  Regional 
buildings  account  for  the  majority  of  losses  at  $12.6  billion  in  building  losses.  This  is 
approximately  two-thirds  of  all  direct  economic  losses.  Utility  and  transportation  losses 
comprise  the  remaining  losses,  representing  roughly  20%  and  10%  of  the  total  loss, 
respectively.  Additionally,  building  loss  ratios  are  shown  in  Figure  21  for  the  State  of 
Arkansas.  The  greatest  loss  ratios  are  between  50%  and  83%  of  total  building  assets  lost, 
and  this  occurs  in  portions  of  Mississippi,  Poinsett,  Craighead  and  Crittenden  Counties. 
Many  other  counties  in  northeast  Arkansas  also  experience  significant  loss  ratios  of 
between  25%  and  50%.  Loss  ratios  throughout  the  remainder  of  the  state  are  typically 
less  than  10%,  which  is  far  less  severe  than  the  counties  nearest  the  rupture  zone.  For 
more  information  on  social  impacts  and  economic  losses  for  this  scenario,  please  refer  to 
Appendix  VI. 


Table  69:  NMSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Arkansas 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$157,602,000,000 

$12,597,230,000 

Transportation 

$67,940,310,000 

$2,154,660,000 

Utility 

$47,658,900,000 

$4,126,730,000 

Total 

$273,201,210,000 

$18,878,620,000 

Illinois  New  Madrid  Seismic  Zone  Scenario 

The  damage  incurred  by  buildings  in  the  State  of  Illinois  generates  roughly  2,570,000 
tons  of  debris.  Bricks,  wood  and  building  contents  account  for  1,400,000  tons  while  the 
remaining  1,170,000  tons  is  attributed  to  steel  and  concrete.  It  requires  approximately 
103,000  truckloads  using  25-ton  capacity  trucks  to  remove  all  the  debris  generated  by  this 
event. 


Table  70:  NMSZ  Event  Shelter  Requirements  for  the  State  of  Illinois 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

40  Critical  Counties 

1,347,307 

51,426 

14,716 

Remaining  Counties 

11,071,996 

43 

10 

Total  State 

12,419,293 

51,469 

14,726 

The  extensive  damage  to  buildings  in  southern  Illinois  displaces  tens  of  thousands  of 
people,  as  shown  in  Table  70.  Nearly  51,500  people  are  displaced  with  most  residing  in 
the  critical  counties.  Approximately  15,000  people  seek  temporary  shelter,  and  the 
remainder  of  the  displaced  population  likely  seeks  shelter  with  family  or  friends  outside 
the  region  that  is  critically  impacted.  Over  seven  million  square  feet  of  space  is  required 
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to  house  the  shelter-seeking  population.  In  addition,  over  160,000  gallons  of  water  and 
nearly  325,000  MREs  are  required  to  feed  this  population  for  one  week. 


The  northeast  segment  rupture  causes  over  6,200  casualties  in  the  State  of  Illinois.  Over 
98%  of  those  casualties  occur  in  the  critical  counties,  though  over  100  minor  injuries 
occur  outside  this  region.  As  illustrated  in  Table  71,  276  fatalities  are  expected  and 
roughly  1,400  people  will  require  medical  attention  (Levels  2  &  3).  However,  many  of 
the  casualties,  around  70%  are  minor  (Level  1)  and  will  not  require  advanced  medical 
care. 


Table  71:  NMSZ  Event  Casualties  for  the  State  of  Illinois 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

40  Critical  Counties 

4,478 

1,236 

146 

276 

■m 

Other  Remaining  Counties 

109 

5 

0 

0 

114 

Total  State 

4,587 

1,241 

146 

276 

6,250 

Direct  economic  losses  in  the  State  of  Illinois  are  among  some  of  the  greatest  losses 
incurred  by  any  state  in  this  investigation.  Table  72  shows  that  total  direct  economic 
losses  exceed  $34  billion,  with  nearly  80%  of  that  amount  attributed  to  utility  losses 
alone.  This  is  likely  due  to  the  large  number  of  utility  facilities  in  the  state’s  inventory, 
particularly  communication  and  electric  power  facilities.  Building  losses  and 
transportation  losses  comprise  much  smaller  portions  of  the  total  loss,  at  15%  and  5%, 
respectively.  Building  loss  ratios  for  the  State  of  Illinois  are  shown  in  Figure  22  and  help 
illustrate  the  impact  on  specific  portions  of  southern  Illinois.  Portions  of  Alexander, 
Massac,  and  Union  Counties  experience  the  greatest  loss  ratios  of  40%  or  more. 
Numerous  other  counties  in  southern  Illinois  show  loss  ratios  greater  than  10%,  which  is 
also  critical.  For  more  information  on  social  impacts  and  economic  losses  for  this 
scenario,  please  refer  to  Appendix  VI. 


Table  72:  NMSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Illinois 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$837,682,000,000 

$161,097,310,000 

$1,001,675,900,000 

$5,451,220,000 

$1,883,180,000 

$26,779,240,000 

Total 

$2,000,455,210,000 

$34,113,640,000 

Indiana  New  Madrid  Seismic  Zone  Scenario 

The  northeast  segment  rupture  generates  282,000  tons  of  debris  in  the  State  of  Indiana  as 
a  result  of  damage  to  infrastructure.  Brick,  wood  and  building  contents  account  for  73%, 
or  205,000  tons  of  debris.  Steel  and  concrete  comprise  the  remaining  77,000  tons. 
Damage  to  residential  structures  displaces  roughly  60  people  with  14  seeking  temporary 
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public  shelter.  Table  73  shows  that  most  of  the  displaced  individuals  reside  in  the  critical 
counties.  The  same  pertains  to  the  majority  of  the  shelter-seeking  population. 

Of  the  three  times  of  day  considered  in  the  analysis  of  casualties,  an  event  at  5PM 
generates  the  greatest  number  of  casualties.  Table  74  illustrates  the  various  types  of 
casualties  expected  and  it  is  evident  most  of  the  injuries,  approximately  75%,  are  minor 
(Level  1)  casualties.  Only  three  fatalities  (Level  4)  are  expected.  Additionally,  less  than 
60%  of  all  casualties  are  expected  to  occur  within  the  1 1  critical  counties,  indicating  that 
shaking  and  damage  are  not  confined  to  this  portion  of  southwestern  Indiana. 


Table  73:  NMSZ  Event  Shelter  Requirements  for  the  State  of  Indiana 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

1 1  Critical  Counties 

480,752 

52 

13 

Remaining  Counties 

5,599,733 

6 

1 

Total  State 

6,080,485 

58 

14 

Table  74:  NMSZ  Event  Casualties  for  the  State  of  Indiana 


Worst  Case  Casualties  (5:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

1 1  Critical  Counties 

57 

12 

12 

2 

83 

Other  Remaining  Counties 

53 

4 

4 

1 

62 

Total  State 

110 

16 

16 

3 

145 

Direct  economic  losses  for  the  State  of  Indiana  are  minor  in  comparison  with  the  total 
value  of  inventory  in  state.  Approximately  $1.4  billion  is  lost  as  the  result  of  damage  to 
buildings,  transportation  and  utility  systems.  This  is  roughly  0.2%  of  the  total  value  of 
assets  in  Indiana.  Table  75  shows  that  buildings  and  utility  systems  contribute  roughly  the 
same  value  of  loss,  while  transportation  lifelines  account  for  far  less.  Additionally, 
building  loss  ratios  for  the  NMSZ  scenario  in  Indiana  are  illustrated  in  Figure  23.  All  loss 
ratios  are  less  than  2%  and  are  very  small  in  comparison  with  other  loss  ratios  near  the 
source  of  rupture.  For  more  information  on  social  impacts  and  economic  losses  for  this 
scenario,  please  refer  to  Appendix  VI. 


Table  75:  NMSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Indiana 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$380,969,000,000 

$612,750,000 

Transportation 

$107,793,100,000 

$158,100,000 

Utility 

$142,908,890,000 

$647,880,000 

Total 

$631,670,990,000 

$1,418,730,000 
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Indiana  Wabash  Valley  Seismic  Zone  Scenario 


The  WVSZ  event  in  the  State  of  Indiana  generates  approximately  1.8  million  tons  of 
debris  as  a  result  of  structural  damage.  Nearly  830,000  tons  of  debris  is  attributed  to 
bricks,  wood  and  other  building  contents.  The  remaining  930,000  tons  of  debris  are 
comprised  of  steel  and  concrete.  A  total  of  70,000  truckloads  are  required  to  remove  all 
the  debris  when  a  25-ton  truck  is  used. 

The  more  intense  shaking  in  southwestern  Indiana  due  to  the  WVSZ  event  displaces  far 
more  people  than  the  NMSZ  event.  As  shown  in  Table  76,  nearly  28,000  people  are 
displaced  with  a  majority  of  those  people  residing  in  the  critical  counties.  Approximately 
7,000  people  that  are  displaced  will  seek  temporary  public  shelter.  Nearly  3.4  million 
square  feet  of  space  is  required  to  house  this  shelter-seeking  population.  In  addition, 
98,000  MREs  and  246,000  gallons  of  water  are  required  to  feed  this  population. 


Table  76:  WVSZ  Event  Shelter  Requirements  for  the  State  of  Indiana 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

1 1  Critical  Counties 

480,752 

26,721 

6,815 

Remaining  Counties 

5,599,733 

899 

212 

Total  State 

6,080,485 

27,620 

7,027 

Table  77:  WVSZ  Event  Casualties  for  the  State  of  Indiana 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

1 1  Critical  Counties 

2,012 

572 

64 

118 

2,766 

Other  Remaining  Counties 

193 

24 

1 

3 

221 

Total  State 

2,205 

596 

65 

121 

2,987 

Casualty  estimates  are  also  greater  with  this  WVSZ  scenario  than  with  the  NMSZ 
scenario.  This  difference  is  attributed  to  the  higher  level  of  damage  to  buildings — 
particularly  residential  buildings.  The  greatest  number  of  casualties  occurs  at  2:00  AM  as 
shown  in  Table  77.  Nearly  3,000  casualties  are  expected,  with  over  2,200  being  minor 
injuries.  Approximately  120  fatalities  are  expected  as  well.  This  equates  to  roughly  4%  of 
all  casualties.  Nearly  all  casualties  occur  in  the  1 1  critical  counties,  with  only  7% 
occurring  outside  that  region. 

Total  direct  economic  losses  for  the  State  of  Indiana  illustrate  the  greater  economic 
impact  of  the  WVSZ  event.  Direct  economic  losses  total  roughly  $7.2  billion,  with  $3.9 
billion  attributed  to  building  losses,  as  shown  in  Table  78.  Utility  and  transportation 
losses  comprise  the  remainder  with  40%  and  5%  of  total  losses,  respectively.  In  addition, 
loss  ratios  for  the  WVSZ  in  the  State  of  Indiana  are  illustrated  in  Figure  24.  Building  loss 
ratios  compare  the  value  of  building  assets  lost  to  that  total  value  of  buildings  in  a 
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specified  region  and  are  excellent  indicators  for  the  effort  required  to  rebuild  an  area.  The 
greatest  loss  ratios,  between  15%  and  27%,  occur  in  Gibson  and  Knox  Counties.  The 
majority  of  Indiana,  however,  shows  relatively  low  loss  ratios,  less  than  2%.  For  more 
information  on  social  impacts  and  economic  losses  for  this  scenario,  please  refer  to 
Appendix  VI. 


Table  78:  WVSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Indiana 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$380,969,000,000 

$3,927,530,000 

Transportation 

$107,793,100,000 

$385,100,000 

Utility 

$142,908,890,000 

$2,936,550,000 

Total 

$631,670,990,000 

$7,249,180,000 

Kentucky  New  Madrid  Seismic  Zone  Scenario 


The  thousands  of  damaged  buildings  in  the  State  of  Kentucky,  particularly  western 
Kentucky,  generate  a  substantial  amount  of  debris.  A  total  of  4,000,000  tons  of  debris  is 
produced  with  2,100,000  tons  attributed  to  steel  and  concrete.  Brick,  wood  and  building 
contents  comprise  the  remaining  1,900,000  tons.  Approximately  160,000  truckloads  are 
required  to  remove  the  entirety  of  debris  when  a  25-ton  truck  is  used. 

The  extensive  damage  to  the  critical  counties  leaves  tens  of  thousands  displaced,  with 
thousands  more  displaced  outside  this  region.  Nearly  53,000,  or  over  65%  of  all  displaced 
people,  reside  in  the  critical  counties  with  another  25,000  displaced  in  central  Kentucky. 
These  estimates  indicate  that  2%  of  the  entire  population  is  displaced,  though  when 
considering  the  critical  counties  only,  more  than  8%  of  the  population  is  displaced,  which 
is  a  far  more  significant  portion.  Table  79  shows  the  distribution  of  the  shelter-seeking 
population  in  and  out  of  the  25  critical  counties.  Approximately  20,700  people  seek 
public  shelter  and  roughly  13,900  are  in  the  critical  counties  alone.  Nearly  ten  million 
square  feet  of  space  are  required  to  house  the  entire  displaced  population.  In  addition,  1 .2 
million  pounds  of  ice  and  300,000  MREs  are  required  to  feed  this  group  of  people  for  one 
week. 


Table  79:  NMSZ  Event  Shelter  Requirements  for  the  State  of  Kentucky 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

25  Critical  Counties 

655,184 

52,964 

13,904 

Remaining  Counties 

3,386,585 

25,225 

6,759 

Total  State 

4,041,769 

78,189 

20,663 

Damage  to  infrastructure  leads  to  nearly  10,000  casualties  throughout  the  state  of 
Kentucky.  Table  80  illustrates  the  various  types  of  casualties  estimated  should  the  event 
occur  at  2:00  PM.  Approximately  6,800  minor  injuries  are  expected  (Level  1)  while 
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nearly  600  fatalities  are  expected.  Very  few  casualties,  mostly  injuries,  are  expected  to 
occur  outside  the  25  critical  counties. 


The  severity  of  damage  to  infrastructure,  especially  in  western  Kentucky,  leads  to 
substantial  direct  economic  losses.  The  majority  of  losses,  roughly  75%  of  all  direct 
losses,  are  attributed  to  utility  lifelines.  This  is  due  to  the  significantly  improved 
inventory  and  thousands  of  new  facilities.  Buildings  and  transportation  lifelines  incur 
much  smaller  proportions  of  direct  losses  with  roughly  20%  and  3%  of  all  direct  loss, 
respectively.  Kentucky  is  one  of  the  few  states  in  the  NMSZ  to  incur  this  amount  of 
direct  economic  loss. 

Furthermore,  building  loss  ratios  are  illustrated  in  Figure  25  at  the  conclusion  of  this 
section.  Several  counties  in  western  Kentucky  show  substantial  loss  ratios  between  40% 
and  75%.  These  counties  include  Fulton,  Hickman,  Carlisle,  Ballard,  Graves,  and 
McCracken  Counties.  Loss  ratios  as  high  as  reported  indicate  that  a  majority  of  the 
building  stock  is  lost  and  many  buildings  must  be  replaced  completely  or  will  require 
significant  repairs  are  required.  Portions  of  Graves,  Marshall,  Union,  and  Hopkins 
Counties  also  show  loss  ratios  between  10%  and  20%  which  are  significant,  but  not  as 
critical  as  those  in  the  western  counties  near  the  rupture  zone.  For  more  information  on 
social  impacts  and  economic  losses  for  this  scenario,  please  refer  to  Appendix  VI. 


Table  80:  NMSZ  Event  Casualties  for  the  State  of  Kentucky 


Worst  Case  Casualties  (2:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

25  Critical  Counties 

6,722 

2,051 

318 

593 

9,684 

Other  Remaining  Counties 

49 

5 

1 

0 

56 

Total  State 

6,771 

2,056 

319 

593 

wmm 

Table  81:  NMSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Kentucky 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$259,784,000,000 

$9,442,940,000 

Transportation 

$128,035,860,000 

$1,291,480,000 

Utility 

$797,983,900,000 

$35,291,800,000 

Total 

$1,185,803,760,000 

$46,026,220,000 

Mississippi  New  Madrid  Seismic  Zone  Scenario 

Damage  to  infrastructure  in  Mississippi  creates  two  million  tons  of  debris.  The  majority 
of  this  debris,  1.2  million  tons,  is  steel  and  concrete,  while  the  remaining  0.8  tons  is  brick, 
wood  and  buildings  contents.  A  total  of  80,000  truckloads  with  a  25 -ton  capacity  truck 
are  required  to  remove  all  the  debris  generated  by  this  southwest  segment  rupture. 
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Tens  of  thousands  of  people  are  forced  to  leave  their  homes  due  to  structural  damage. 
Approximately  21,000  people  are  displaced  with  nearly  all  of  those  people  residing  in  the 
critical  counties.  Nearly  5,600  of  those  displaced  seek  public  shelter,  as  shown  in  Table 
82.  To  care  for  this  sheltered  population,  2.7  million  square  feet  of  space  are  required, 
with  334,000  square  feet  reserved  just  for  sleeping.  Nearly  40,000  gallons  of  water  and 
78,000  MREs  are  required  to  feed  this  population  for  the  first  week  after  the  event. 


Table  82:  NMSZ  Event  Shelter  Requirements  for  the  State  of  Mississippi 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

748,030 

20,832 

5,555 

2,096,628 

34 

11 

Total  State 

2,844,658 

20,866 

5,566 

Structural  damage  to  buildings  and  lifelines  leads  to  nearly  4,000  casualties  throughout 
the  State  of  Mississippi.  Over  70%  of  all  casualties  are  minor  injuries  (Level  1)  and  20% 
require  immediate  or  delayed  medical  attention  (Levels  3  &  2,  respectively).  Table  83 
shows  that  only  200  fatalities  are  expected  throughout  the  state. 

The  level  of  direct  economic  losses  incurred  by  the  State  of  Mississippi  is  less  severe 
than  the  losses  incurred  by  other  states  in  the  NMSZ,  though  this  is  expected  due  to  the 
lower  level  of  shaking  throughout  the  majority  of  the  State.  Nearly  60%  of  all  direct 
economic  losses  are  attributed  to  utility  lifelines.  Buildings  show  a  total  loss  of 
approximately  $3.8  billion  and  transportation  lifelines  contribute  significantly  less  with 
only  3%  of  all  direct  economic  losses.  This  is  likely  due  to  the  smaller  set  of  inventory 
when  compared  to  the  total  number  of  utility  facilities  and  network  components,  for 
example. 


Table  83:  NMSZ  Event  Casualties  for  the  State  of  Mississippi 


Worst  Case  Casualties  (2:00  PM) 

Severity  Level 

Level  1 

Level  2 

Level  3 

Level  4 

Total 

(Green) 

(Yellow) 

(Red) 

(Black) 

25  Critical  Counties 

474 

45 

86 

2,641 

Other  Remaining  Counties 

855 

294 

65 

122 

1,336 

Total  State 

2,891 

768 

110 

208 

3,977 

The  greatest  building  loss  ratios  occur  in  portions  of  Tunica  and  Desoto  counties  in 
northwestern  Mississippi.  Ratios  of  20%  to  33%  indicate  that  a  significant  portion  of  the 
building  stock  is  damaged  and  require  repair.  Loss  ratios  less  than  5%  are  more  common 
throughout  the  majority  of  the  state,  however.  Building  loss  ratios  for  the  State  of 
Mississippi  are  illustrated  in  Figure  26.  For  more  information  on  social  impacts  and 
economic  losses  for  this  scenario,  please  refer  to  Appendix  VI. 
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Table  84:  NMSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Mississippi 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$131,314,000,000 

$69,176,250,000 

$266,440,450,000 

$3,769,990,000 

$279,730,000 

$5,441,930,000 

Total 

$466,930,700,000 

$9,491,650,000 

Missouri  New  Madrid  Seismic  Zone  Scenario 

The  central  segment  event  generates  six  million  tons  of  debris  in  the  State  of  Missouri. 
Steel  and  concrete  buildings  account  for  3.1  millions  tons  of  debris,  while  brick,  wood 
and  building  contents  comprise  the  remaining  2.9  million  tons.  A  total  of  240,000 
truckloads  with  a  2  5 -ton  truck  are  required  to  remove  all  the  debris  created  by  this 
earthquake. 

Missouri  is  one  of  the  most  catastrophically  impacted  states  in  the  NMSZ  zone  with 
regard  to  social  impacts  and  economic  losses.  As  illustrated  in  Table  85,  nearly  122,000 
people  are  displaced,  which  is  far  more  than  any  other  scenario  discussed  previously. 
Nearly  all  displaced  residents  reside  in  the  critical  counties  in  southeastern  Missouri. 
Approximately  36,700  people  seek  temporary  public  shelter  after  the  NMSZ  event. 
Substantial  amounts  of  space  are  required  to  house  all  those  displaced.  Nearly  18  million 
square  feet  of  space  is  required,  while  1.3  million  gallons  of  water  and  over  500,000 
MREs  are  needed  in  the  first  week  to  care  for  the  sheltered  population. 


Table  85:  NMSZ  Event  Shelter  Requirements  for  the  State  of  Missouri 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

46  Critical  Counties 

3,043,805 

121,927 

36,702 

Remaining  Counties 

2,551,406 

2 

2 

Total  State 

5,595,211 

121,929 

36,704 

Table  86:  NMSZ  Event  Casualties  for  the  State  of  Missouri 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

46  Critical  Counties 

11,267 

3,177 

401 

760 

15,605 

Remaining  Counties 

33 

1 

0 

0 

34 

Total  State 

11,300 

3,178 

401 

760 

SKEESSi 

The  tens  of  thousands  of  damaged  buildings  cause  nearly  16,000  casualties,  with  most 
occurring  in  the  46  critical  counties.  Well  over  11,000  minor  injuries  are  expected, 
though  injuries  requiring  medical  attention  are  far  less  than  that.  This  equates  to  3,600 
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people  requiring  delayed  or  immediate  medical  attention,  which  will  be  difficult  when 
most  hospitals  in  the  critical  counties  are  not  operational.  In  addition,  transportation 
lifelines  may  be  damaged  and  routes  to  the  functioning  care  facilities  impassible.  Table 
86  shows  nearly  800  expected  fatalities,  which  is  much  higher  than  any  other  scenario 
estimate. 

Despite  the  very  high  social  impact  estimates,  direct  economic  losses  are  not  as  high 
other  states.  Nearly  $39  billion  in  total  direct  economic  loss  is  expected  for  the  State  of 
Missouri.  Approximately  65%  of  all  direct  economic  losses  can  be  attributed  to  utility 
lifelines.  Buildings  account  for  $11.8  billion,  or  30%,  of  all  losses  and  transportation 
lifelines  comprise  the  remaining  5%.  These  values  are  illustrated  in  Table  87. 


Table  87:  NMSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Missouri 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$334,877,000,000 

$121,237,610,000 

$564,861,000,000 

$11,811,430,000 

$1,772,590,000 

$25,138,310,000 

Total 

$1,020,975,610,000 

$38,722,330,000 

Building  loss  ratios  also  show  the  catastrophic  level  of  damage  in  some  areas  of 
southeastern  Missouri.  Figure  27  illustrates  the  very  high  loss  ratios  in  Pemiscot,  Dunklin, 
New  Madrid,  and  Stoddard  Counties.  Between  70%  and  91%  of  building  value  is  lost  in 
these  areas,  indicating  that  a  significant  portion  of  those  counties  needs  to  be  repaired  or 
rebuilt  after  a  NMSZ  earthquake.  Several  other  counties  in  southeast  Missouri  show  loss 
ratios  greater  than  20%  which  is  less  critical,  but  still  significant.  For  more  information 
on  social  impacts  and  economic  losses  for  this  scenario,  please  refer  to  Appendix  VI. 


Tennessee  New  Madrid  Seismic  Zone  Scenario 

The  southwest  segment  rupture  zones  runs  along  the  western  edge  of  Tennessee, 
generating  substantial  damage  and  significant  amounts  of  debris.  Over  20  million  tons  of 
debris  is  expected  with  8.8  million  tons  attributed  to  brick,  wood  and  building  contents. 
The  remaining  11.9  million  tons  is  comprised  of  steel  and  concrete.  A  total  of  800,000 
truckloads  with  25-ton  trucks  are  required  to  remove  all  the  debris  from  this  event. 

Social  impacts  are  more  severe  in  the  State  of  Tennessee  than  in  any  other  state.  Nearly 
263,000  people  are  displaced,  which  is  likely  due  to  the  major  population  center  of 
Memphis,  TN,  incurring  significant  damage.  Of  the  hundreds  of  thousands  displaced, 
over  73,000  will  seek  public  shelter.  Table  88  details  the  sheltering  estimates  and  shows 
that  nearly  all  displaced  people  reside  in  the  37  critical  counties  in  western  Tennessee.  It 
requires  over  35  million  square  feet  to  house  these  73,000  people.  Additionally,  over 
500,000  gallons  of  water,  four  million  pounds  of  ice  and  over  one  million  MREs  are 
required  to  feed  this  group  of  people  in  the  first  week  alone. 
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Extensive  structural  damage  leads  to  tens  of  thousands  of  casualties  as  detailed  in  Table 
89.  A  total  of  63,000  casualties  are  expected  if  the  event  occurs  at  2:00  PM.  If  the  event 
were  to  occur  at  other  times  of  day,  casualty  estimates  will  be  less  than  63,000.  Nearly 
70%  of  all  casualties  are  minor  injuries,  though  nearly  4,100  fatalities  are  expected. 
Approximately  15,500  people  require  immediate  or  delayed  medical  attention  (Level  3  & 
2,  respectively),  though  with  many  hospitals  not  functioning  in  the  harder  hit  areas 
medical  services  will  be  scarce.  Roughly  75%  of  all  casualties  occur  in  the  37  critical 
counties  in  western  Tennessee,  indicating  that  17,000  casualties  will  occur  outside  this 
region.  Medical  facilities  outside  the  critical  counties  are  more  likely  to  be  operational 
immediately  after  the  event  and  thus  able  to  care  of  those  that  are  injured.  In  addition,  the 
operational  facilities  closest  to  the  heavily  damaged  counties  will  likely  need  to  care  for 
victims  evacuated  from  the  critical  counties  in  the  first  hours  and  days  after  the 
earthquake. 


Table  88:  NMSZ  Event  Shelter  Requirements  for  the  State  of  Tennessee 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

37  Critical  Counties 

2,699,993 

262,907 

73,293 

Remaining  Counties 

2,989,290 

2 

0 

Total  State 

5,689,283 

262,909 

73,293 

Table  89:  NMSZ  Event  Casualties  for  the  State  of  Tennessee 


Worst  Case  Casualties  (2:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

37  Critical  Counties 

31,913 

1,544 

46,067 

Other  Remaining  Counties 

11,419 

3,759 

1,184 

16,971 

Total  State 

43,332 

13,465 

2,153 

4,088 

63,038 

Direct  economic  losses  in  the  State  of  Tennessee  are  the  greatest  of  any  state  in  the 
NMSZ.  A  total  of  $56.6  billion  is  lost  in  combined  building,  transportation  and  utility 
infrastructure  value.  Table  90  illustrates  the  losses  in  each  of  these  three  categories. 
Building  losses  are  the  greatest  portion  of  total  loss  with  $40.3  billion  in  losses, 
representing  70%  of  all  losses.  Utility  and  transportation  lifelines  contribute  lesser 
proportions  with  25%  and  3%  of  all  direct  economic  losses,  respectively. 


Table  90:  NMSZ  Event  Total  Direct  Economic  Losses  for  the  State  of  Tennessee 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$329,827,000,000 

$40,316,300,000 

Transportation 

$82,455,530,000 

$1,746,230,000 

Utility 

$173,425,200,000 

$14,576,340,000 

Total 

$585,707,730,000 

$56,638,870,000 
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Building  loss  ratios  for  the  State  of  Tennessee  are  illustrated  in  Figure  28.  Though 
building  losses  are  very  high,  the  greatest  loss  ratios  are  confined  to  several  small  regions. 
Portions  of  Tipton  and  Crockett  Counties  show  loss  ratios  of  40%  to  62%,  which  is 
roughly  half  of  all  building  value  lost  in  those  areas.  Additionally,  the  City  of  Memphis 
shows  loss  ratios  of  20%  to  40%  in  some  areas.  This  may  be  due  to  the  large  number  of 
URMs  in  the  city  that  are  expected  to  incur  sever  damage.  The  majority  of  the  rest  of 
Tennessee  shows  much  lesser  loss  ratios  of  2%  or  less.  For  more  information  on  social 
impacts  and  economic  losses  for  this  scenario,  please  refer  to  Appendix  VI. 
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Figure  19:  NMSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Alabama 
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Figure  20:  ETSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Alabama 
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Figure  21:  NMSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Arkansas 
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Figure  22:  NMSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Illinois 
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Figure  23:  NMSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Indiana 
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Figure  24:  WVSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Indiana 
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Figure  25:  NMSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Kentucky 
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Figure  26:  NMSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Mississippi 
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Figure  27:  NMSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Missouri 
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Figure  28:  NMSZ  Event  Loss  Ratio  (%  of  Total  Building  Assets)  for  the  State  of  Tennessee 
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Regional  Social  Impact  and  Economic  Loss 


As  stated  for  the  direct  damage  estimates,  social  losses  and  economic  impacts  should  not 
be  combined  over  all  scenarios  for  regional  totals.  Since  each  scenario  is  based  on  a 
different  hazard,  adding  impacts  together  will  not  reflect  one  regional  scenario.  It  is 
possible,  however,  to  discuss  qualitatively  the  impact  on  this  eight  state  region. 

Some  states  are  more  likely  than  others  to  incur  substantial  casualties  and  economic  loss 
based  on  their  location  in  relation  to  the  source  of  rupture.  Southern  states  such  as 
Alabama  and  southern  Mississippi  show  very  few  casualties,  if  any,  and  minimal 
economic  losses.  As  a  result,  these  areas  will  be  more  likely  to  provide  supporting 
services  to  heavily  impacted  areas  after  the  earthquake.  Such  services  may  include 
sheltering  displaced  populations,  providing  medical  services  at  functioning  hospitals  and 
providing  staging  areas  for  rescue  and  aid  workers.  The  same  is  true  for  northern  Illinois 
and  most  of  Indiana.  These  states,  or  portions  of  states,  see  very  few  casualties  or 
displaced  residents.  Such  areas  will  be  able  to  provide  similar  services  to  more  northern 
areas  that  are  heavily  damaged  from  a  NMSZ  event.  Should  a  WVSZ  event  occur, 
however,  these  areas  are  likely  to  experience  substantial  impacts  and  will  require  outside 
assistance. 

Areas  nearest  the  NMSZ  are  likely  to  see  wide-spread  and  catastrophic  social  impacts 
and  economic  losses.  Southeast  Missouri,  western  Kentucky  and  Tennessee,  northeast 
Arkansas  and  southern  Illinois  show  the  most  significant  social  impacts.  A  southwest 
event  affects  the  major  population  center  of  Memphis,  TN,  and  leaves  nearly  265,000 
people  displaced  and  over  63,000  people  injured  or  killed.  A  southwest  segment  event 
could  leave  up  to  500,000  people  without  homes  and  could  injure  150,000  people  across 
the  entire  NMSZ  area.  Up  to  100,000  people  may  need  temporary  public  shelter,  which 
would  require  several  million  MREs  for  the  first  week  alone.  In  addition,  over  one 
million  gallons  of  water  and  as  many  as  ten  million  pounds  of  ice  may  be  needed  for  a 
NMSZ  event.  It  is  very  likely  that  an  event  on  the  southwest  segment  will  produce  the 
greatest  social  impacts  and  thus  present  the  largest  requirements  for  food,  water,  ice,  and 
shelter  space. 

Substantial  losses  in  Tennessee,  Kentucky,  Arkansas,  northwestern  Mississippi  and 
southeastern  Missouri  would  likely  generate  over  $100  billion  in  direct  economic  losses. 
A  large  portion  of  these  losses  would  be  due  to  utility  lifeline  losses  with  building  losses 
contributing  a  significant  portion  as  well.  A  northeast  segment  event,  however,  would 
impact  southern  Illinois  as  well  as  parts  of  Missouri  and  Kentucky.  Economic  losses 
caused  by  a  northeast  segment  effect,  while  likely  to  be  less  than  a  southwest  segment 
event,  would  result  in  total  losses  possibly  reaching  $75  billion  in  direct  economic  losses. 


Comparison  with  Other  Published  Studies 

As  mentioned  earlier,  the  earthquake  impact  assessment  carried  out  by  CUSEC  provides 
the  only  regionally  comprehensive  study  by  which  to  compare  results.  The  following 
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discussion  compares  the  results  of  this  study  with  those  of  the  CUSEC  study.  It  is  also 
critical  to  note  that  the  CUSEC  study  does  not  provide  advanced  social  impact  modeling, 
which  details  additional  housing  and  medical  requirements.  New  information  that  is  only 
available  in  this  study  includes  space  requirements,  number  of  beds,  amount  of  food, 
water  and  ice  needed,  as  well  as  estimates  of  medical  assistance  requirements  for  the 
displaced  population.  Since  these  impacts  are  not  available  in  the  CUSEC  study  they  are 
not  compared  herein.  Other  estimates  such  as  displaced  population,  casualties,  debris  and 
direct  economic  loss  are  compared  in  this  section.  In  addition,  the  CUSEC  study  only 
includes  those  counties  identified  as  critical  counties  in  this  study;  thus,  all  comparisons 
are  for  the  critical  counties  in  each  scenario  only.  It  should  also  be  noted  that  the 
displaced  residences/households  model  and  temporary  shelter  model  were  implemented 
incorrectly  in  the  version  of  HAZUS-MH  MR2  utilized  in  the  CUSEC  study.  This 
investigation  used  the  HAZUS-MH  MR2  methodology  but  conducted  those  calculations 
externally  to  ensure  the  model  for  those  particular  social  losses  was  used  properly. 

In  Alabama,  the  CUSEC  study  estimates  over  three  times  as  many  displaced  residences 
and  temporary  shelter  needs  as  compared  with  this  study.  Alabama  casualties  show 
similar  trends  as  CUSEC  estimates  72  total  casualties,  while  this  investigation  shows 
only  30.  Though  the  hazard  is  shifted  closer  to  the  State  of  Alabama,  in  the  scenario 
utilized  in  this  investigation  the  shaking  experienced  throughout  the  state  is  minor  and 
does  not  affect  social  impact  assessments  substantially.  Finally,  this  investigation 
estimates  greater  direct  economic  loss  by  roughly  $300  million,  which  is  likely  due  to  the 
additional  utility  inventory  and  the  shifting  of  the  hazard  closer  to  the  State  of  Alabama. 

The  scenario  for  the  State  of  Arkansas  is  not  shifted  and  utilizes  the  same  scenario 
ground  motion  as  the  CUSEC  scenario.  Estimates  of  debris  generation  are  roughly  the 
same  though  sheltering  estimates  vary  greatly.  This  investigation  estimates  that  nearly 
127,000  households  are  displaced  and  over  37,000  people  will  seek  temporary  shelter 
though  CUSEC  reports  only  48,000  and  14,000  for  these  categories,  respectively.  This  is 
likely  due  to  the  incorrect  internal  calculation  of  these  values  in  HAZUS-MH  MR2. 
When  calculated  externally,  according  to  the  HAZUS-MH  MR2  model,  estimates  are 
substantially  greater.  CUSEC  predicts  roughly  15%  more  total  casualties,  though  that  is 
likely  due  to  the  large  number  of  minor  injuries.  This  investigation  shows  130  more 
fatalities  and  several  serious  injuries  (Level  3),  which  is  likely  due  to  the  lowering  of  the 
seismic  design  level  (moderate  to  low  seismic  design)  in  northeastern  Arkansas.  Though 
this  investigation  and  the  CUSEC  study  show  total  direct  economic  losses  are  roughly  the 
same,  buildings  losses  illustrate  a  sizeable  difference  of  approximately  $850  million.  This 
is  attributed  to  the  lower  seismic  design  specification  in  this  investigation  that  makes 
buildings  more  vulnerable  to  earthquake  damage. 

Kentucky  shows  similar  trends  to  those  seen  in  Arkansas.  Estimates  of  social  impacts  and 
induced  damage  are  much  greater  in  this  investigation  than  in  the  CUSEC  study.  Debris 
estimates  are  roughly  twice  as  much  in  this  investigation,  while  displaced  household  and 
temporary  housing  estimates  in  this  investigation  are  nearly  three  times  those  shown  in 
the  CUSEC  study.  Furthennore,  casualty  estimates  are  substantially  more  in  this 
investigation,  with  over  12,500  total  casualties,  while  CUSEC  estimates  are  nearly  4,700. 
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Such  differences  in  social  impacts  and  induced  damage  are  likely  due  to  the  location  of 
the  hazard.  In  this  investigation  the  fault  rupture  is  shifted  closer  to  Kentucky  and 
generates  more  intense  shaking  in  the  western  portion  of  the  state.  The  shifting  of  hazard, 
adjustment  of  seismic  design  class  and  addition  of  utility  inventory  produced  the  nearly 
$28  billion  difference  in  total  direct  economic  loss.  This  investigation  estimates  roughly 
$33.5  billion  in  losses  while  the  CUSEC  study  shows  only  $5.8  billion.  A  more  accurate 
representation  of  regional  inventory  in  conjunction  with  the  nearest  fault  rupture 
generates  a  substantial  difference  in  economic  loss. 

As  with  many  other  southern  states  that  experience  significant  impacts  from  a  NMSZ 
earthquake,  social  impact  estimates  in  Tennessee  are  far  greater  in  this  investigation  than 
in  the  CUSEC  study.  Debris  estimates  are  roughly  33%  greater  while  sheltering  and 
displaced  household  estimates  are  doubled.  A  total  of  10,000  more  casualties  are 
expected  in  this  investigation,  with  nearly  800  more  fatalities  estimated. 

This  investigation  produces  estimates  for  social  impacts  that  are  far  greater  in  many 
central  and  northern  NMSZ  states.  As  mentioned  earlier,  the  CUSEC  study  only 
employed  the  southwest  event  so  central  and  northern  states  will  experience  less  intense 
shaking  in  the  CUSEC  study  than  in  this  investigation.  In  the  State  of  Missouri,  CUSEC 
estimates  approximately  25,000  displaced  households,  while  this  investigation  anticipates 
nearly  122,000.  In  addition,  CUSEC  expects  roughly  8,000  total  casualties,  while  this 
investigation  reports  over  15,600  casualties.  The  same  is  true  in  Illinois  where  the 
northeast  event  is  likely  to  generate  the  most  catastrophic  impacts.  The  CUSEC  study 
reports  roughly  5,000  displaced  households  and  nearly  1,400  requirements  for  temporary 
housing.  This  investigation,  on  the  other  hand,  estimates  over  51,000  displaced 
households  and  14,700  requirements  for  temporary  housing.  Furthermore,  total  direct 
economic  losses  in  the  State  of  Illinois  are  estimated  at  $2.2  billion  in  the  CUSEC  study, 
while  this  investigation  estimates  losses  of  around  $31  billion.  It  is  clear  that  the 
difference  in  source  rupture  makes  a  substantial  difference  in  the  social  impacts  and 
direct  economic  losses  experienced  by  a  state:  thus,  choosing  the  appropriate  event  is 
critical  in  determining  the  worst  case  impacts  in  a  specified  region.  For  additional 
comparison  data,  please  refer  to  Appendix  IX. 

Additionally,  the  IEMA  study  provides  a  different,  yet  plausible  set  of  social  and 
economic  losses  than  those  presented  in  this  report.  This  report  estimates  nearly  15,000 
people  will  seek  temporary  shelter  while  the  IEMA  report  estimates  only  6,500  people 
seek  temporary  shelter.  Conversely,  this  report  estimates  approximately  6,300  total 
casualties  and  the  IEMA  study  estimates  roughly  7,600  total  casualties.  Direct  economic 
losses  also  differ,  particularly  utility  lifeline  losses.  The  substantially  larger  utility  lifeline 
inventory  utilized  in  this  report  generates  nearly  $27  billion  in  utility  lifeline  losses  while 
the  IEMA  study  shows  only  $2  billion  in  losses.  For  more  information  on  the  social  and 
economic  losses  in  the  IEMA  study,  please  refer  to  Mid-America  Earthquake  Center 
(2007)  report. 
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Discussion  and  Conclusions 


This  investigation  employs  ten  scenarios  designed  to  identify  the  effects  of  plausible 
earthquakes  on  eight  states  in  the  Central  USA.  Eight  of  the  ten  scenarios  focused  on  the 
New  Madrid  fault  system  while  two  scenarios  represent  the  risk  from  the  Wabash  Valley 
and  the  East  Tennessee  seismic  zones.  In  several  cases,  the  fault  rupture  was  moved  to 
the  boundaries  of  the  NMSZ  in  an  effort  to  capture  the  worst  case  impacts  for  each 
individual  state.  In  addition,  liquefaction  susceptibility  characterization,  inventory 
updates  and  advanced  social  impact  modeling  were  incorporated  to  provide  the  most 
reliable  impact  assessment  possible.  Though  numerous  scenarios  have  been  completed,  it 
is  important  to  emphasize  that  impacts  from  each  scenario  should  not  be  combined  for 
regional  assessment.  With  each  scenario  employing  a  different  earthquake  (hazard),  even 
within  the  NMSZ,  adding  all  impacts  together  represents  an  event  that  could  not  take 
place.  On  the  other  hand,  it  could  be  argued  that  the  1811-1812  earthquakes  were  three 
consecutive  and  potentially  damaging  events  that  current  modeling  tools  are  incapable  of 
representing.  Emergency  planning,  response  and  recovery  decision-makers  should  weigh 
these  factors  in  their  efforts  to  balance  the  potentially  conservative  and  non-conservative 
assumptions  that  are  inevitable  in  a  large  regional  study  of  earthquake  impacts  such  as 
that  described  in  the  current  report.  For  further  discussion  of  the  background  of  the 
scenarios  used  in  this  study,  reference  is  made  to  the  Scenario  Disclaimer  in  page  iv  of 
this  report. 

The  counties  nearest  to  the  source  of  seismic  activity  are  likely  to  experience  substantial 
damage  to  buildings  as  well  as  loss  of  critical  services.  This  means  that  tens  of  thousands 
of  homes  will  be  damaged  and  residents  will  be  displaced.  For  an  earthquake  nucleating 
in  the  northern  portion  of  the  NMSZ  zone,  thousands  of  buildings  in  southern  Illinois  and 
portions  of  Missouri  and  Kentucky  will  be  damaged  and  tens  of  thousands  will  be 
without  homes.  The  same  is  true  for  a  southern  NMSZ  event,  though  in  this  case  the 
heavily  damaged  areas  will  be  northeast  Arkansas,  northwest  Mississippi,  western 
Tennessee  and  portions  of  western  Kentucky.  In  addition,  Memphis,  TN,  will  be  heavily 
damaged  and  its  large  number  of  highly  vulnerable  unreinforced  masonry  buildings  will 
be  significantly  affected.  This  southern  segment  earthquake  is  likely  to  damage  the 
greatest  number  of  homes  and  affect  the  largest  number  of  people  when  considering  each 
individual  segment  rupture  in  the  NMSZ. 

Critical  infrastructure  and  lifelines  will  also  be  heavily  damaged  and  will  be  out  of 
service  after  the  earthquake  for  a  considerable  period  of  time.  Such  mass  outages  are 
likely  to  affect  a  region  much  larger  than  the  8  states  studied  above.  Many  hospitals 
nearest  to  the  rupture  zone  will  not  be  able  to  care  for  patients,  indicating  that  those 
injured  during  the  event  will  have  to  be  transported  outside  of  the  region  for  medical  care. 
Moreover,  pre-earthquake  patients  will  have  to  be  moved  out  of  the  area  to  fully- 
functioning  hospitals.  It  is  doubtful  that  the  transportation  system  will  be  functioning  to  a 
level  that  allows  such  mass  evacuation.  Police  and  fire  services  will  be  severely  impaired 
due  to  damage  to  stations  throughout  the  impacted  region.  Many  schools  that  serve  as 
public  shelter  will  be  damaged  and  unusable  after  the  earthquake.  Transportation  into  and 


88 


out  of  the  areas  near  the  fault  rupture  will  be  difficult  if  not  impossible.  Many  bridges 
will  be  damaged  and  not  passable,  airports  will  be  damaged  and  some  ferry  facilities  and 
ports  will  be  out  of  service.  The  massive  loss  of  functionality  of  transportation  systems 
and  facilities  will  prevent  displaced  residents  from  leaving  the  region  and  also  make  it 
difficult  for  ground-transported  aid  workers  and  relief  supplies  to  access  the  most  heavily 
damaged  areas. 

Utility  services  will  be  severely  disrupted  for  hundreds  of  thousands  of  customers  due  to 
extensive  facility  and  pipeline  damage.  Extended  service  outages  will  be  highly  likely  for 
tens  of  thousands  of  customers,  making  it  difficult  for  them  to  remain  in  their  homes, 
even  if  they  are  structurally  sound  after  the  earthquake.  Damage  to  major  natural  gas  and 
oil  transmission  lines  will  lead  to  service  interruptions  that  will  affect  areas  as  far  away  as 
the  east  coast  and  New  England. 

Social  impact  estimates  show  that  hundreds  of  thousands  of  people  will  be  displaced  and 
tens  of  thousands  of  people  will  seek  temporary  public  shelter  after  a  major  earthquake 
on  the  New  Madrid  fault.  Three  successive  earthquakes,  as  in  1811-1812,  will  generate 
even  more  catastrophic  impacts.  Casualties  in  the  tens  of  thousands  are  likely,  especially 
with  a  southwest  segment  rupture.  Most  of  these  will  be  minor  injuries,  though  several 
thousand  serious  injuries  and  fatalities  are  also  predicted.  In  addition,  debris  generated 
from  this  event  may  reach  several  hundred  thousands  tons,  which  will  have  to  be 
removed  prior  to  repair  and  reconstruction  efforts. 

Areas  nearest  to  the  rupture  will  be  heavily  damaged  and  many  transportation  and  utility 
lifelines  will  not  function  for  an  extended  period  of  time.  The  parts  of  each  state  that  are 
farthest  from  the  rupture  will  remain  largely  undamaged  and  functioning.  Expectations 
are  that  these  undamaged  regions  will  support  the  response  and  recovery  of  the  severely 
damaged  areas.  In  addition,  Indiana  and  Alabama  are  not  likely  to  experience  significant 
damage  from  a  NMSZ  event  and  may  also  function  as  host  states  in  the  aftermath  of  a 
NMSZ  earthquake.  Should  an  ETSZ  or  WVSZ  event  occur  however,  these  states  will 
require  assistance  from  neighboring  states. 


Implications  on  Research  and  Development 

The  detailed  study  presented  in  this  report  has  highlighted  several  areas  where  significant 
effort  is  called  for,  in  order  that  more  realistic  and  reliable  earthquake  consequence 
assessment  results  may  be  available  in  the  foreseeable  future.  The  most  pressing  of  these 
research  and  development  products  are  listed  below,  in  the  sequence  of  Hazard,  Fragility, 
Inventory  and  Social  and  Economic  Consequences: 

■  Several  major  assumptions  were  made  on  the  hazard  side  to  account  for  the  multiple 
earthquake  potential  of  the  New  Madrid  Seismic  Zone.  Fundamental  research  in 
earthquake  geophysics  and  engineering  seismology  is  needed  to  assess  the  relative 
probabilities  of  occurrence  of  earthquake  occurrence  on  the  three  identified  segments 
of  the  NMSZ  and  the  implications  of  one  earthquake  on  the  probabilities  of  the 
second  and  third  earthquakes  happening.  This  is  a  complex  problem  that  pushes  the 
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boundaries  of  time-dependent  hazard  and  multiple  source  modeling,  amongst  other 
challenges. 

■  Detailed  liquefaction  characterization  that  uses  state-of-the-art  liquefaction  metrics  is 
sorely  needed.  The  difficult  problem  of  characterizing  liquefaction  is  compounded  by 
the  multiple  earthquake  occurrences  which  require  new  approaches  to  account  for  the 
cumulative  effect  of  multiple  earthquakes. 

■  The  above  two  research  issues  lead  to  a  third  important  point,  which  is  the  effect  of 
multiple  earthquakes  on  site  response  that  may  effectively  alter  the  site  class  in  such  a 
manner  so  as  to  annul  the  strong-motion  (attenuation)  models  in  current  use.  Research 
is  required  to  address  this  problem  and  provide  reliable  ground  motion  parameters. 

■  Significant  improvements  in  inventory  are  still  urgently  required.  There  are  many 
systems  that  are  critical  for  response  and  recovery  for  which  inventory  is  either  sparse 
or  lacking.  Examples  are  utilities  distribution  networks  that  are  not  in  the  public 
domain  and  cell  phone  towers.  It  is  clear  that  without  accurate  inventory,  modeling 
efforts  will  continue  to  be  relatively  uncertain. 

■  There  are  several  important  built  environment  components  for  which  no  fragility 
relationships  exist,  such  as  different  configurations  of  gravity  and  earth  dams,  large 
and  complex  river  crossings,  special  structural  configurations  used  for  power  and 
chemical  plants  and  their  components,  communications  and  electricity  towers, 
amongst  others.  Such  fragilities  are  urgently  required. 

■  For  all  fragilities  used  in  assessment  in  the  New  Madrid  Seismic  Zone,  the  effect  of 
degradation  in  stiffness  and  strength  due  to  multiple  earthquakes  poses  a  fundamental 
and  intricate  research  challenges  that  should  be  addressed  urgently.  The  current 
approach  is  grossly  inaccurate,  and  it  is  not  possible  to  ascertain  if  it  is  conservative 
or  otherwise,  since  the  interaction  between  input  motion  and  structural  frequencies  is 
highly  nonlinear. 

■  The  sheltering  model  employed  was  developed  based  upon  behavior  exhibited  in  the 
San  Francisco  bay  area  following  the  Foma  Prieta  earthquake  and  in  the  Fos  Angeles 
area  after  the  Northridge  earthquake.  The  model  has  not  been  tested  or  validated 
outside  of  California.  There  is  a  large  amount  of  uncertainty  regarding  the  factors  that 
influence  the  reasons  for  shelter-seeking.  This  model  assumes  that  people  will  only 
seek  shelter  if  their  homes  have  been  damaged.  It  neglects  other  factors  that  make  it 
difficult  to  sustain  themselves  in  their  own  homes  such  as  loss  of  power  or  water, 
safety  factors,  damage  to  surrounding  hazardous  materials  facilities  and  long  term 
recovery. 

■  During  the  response  phase  of  the  disaster  management  cycle,  the  prioritization  of 
service  needs  will  change.  Over  time  focus  will  move  from  life-saving  to  life- 
sustaining  and  finally  life-supporting.  The  uncertainty  regarding  the  length  of  time 
that  will  be  required  to  deliver  services  during  a  catastrophic  event  is  very  high.  The 
transition  from  response  to  recovery  takes  much  longer  during  a  catastrophe. 

Midterm  economic  effects  are  prolonged  due  to  factors  such  as  loss  of  infrastructure, 
loss  of  jobs,  etc.  More  research  is  needed  on  speed-of-recovery  factors  of  the  socio¬ 
economic  systems.  The  response  models  currently  focus  on  immediate  responses  and 
are  not  validated  for  longer  time  frames.  Consideration  of  long  term  commodity 
distribution,  medical  services,  and  repair  of  cascading  infrastructure  failures  is 
required. 
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■  Current  preparedness  goals  are  based  on  establishing  adequate  response  system 
capabilities.  The  objective  of  response  should  be  to  successfully  achieve  observable 
and  measurable  goals.  In  order  to  do  this,  response  managers  must  achieve  critical 
success  factors  and  avoid  critical  failures.  The  outcome-based  metrics  required  to 
establish  goals  and  to  manage  for  success  do  not  exist.  The  modeling  and  estimation 
of  disaster  caused  needs  conducted  in  this  project  can  provide  the  basis  for 
establishing  these  metrics  and  for  developing  outcome-based  response  strategies. 

■  Comprehensive  and  theoretically  sound  measures  of  reliability  of  the  loss  assessment, 
taking  into  account  uncertainties  in  all  components,  are  urgently  needed.  Attaching  a 
reliability  measure  to  the  impact  estimate  is  essential  for  informed  decision-making. 

In  general,  disasters  that  lead  to  catastrophic  consequences  produce  cascading 
infrastructure  failures  which  may  result  in  unanticipated  response  requirements. 
Infrastructure  failures  not  only  influence  the  demands  for  service  but  also  the  mobility 
and  capabilities  of  response  organizations  attempting  to  provide  these  services.  There  is  a 
dearth  of  infonnation  on  the  manner  in  which  people  and  systems  behave  following  a 
catastrophe.  There  is  a  pressing  need  for  collection  and  assimilation  of  such  information 
possibly  from  other  regions  in  the  world  with  social  and  economic  characteristics  similar 
to  the  Central  USA. 
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Appendix  I:  Shaking  Maps 


This  appendix  details  the  development  of  shaking  maps  for  all  scenarios  employed  in  the 
MAEC-GWU  State  reports  for  earthquake  planning  workshops  in  New  Madrid  Seismic 
Zone  States.  A  total  of  ten  scenarios  have  been  completed  and  the  sets  of  shaking  maps 
used  for  these  scenarios  are  included.  HAZUS-MH  MR2,  the  analytical  loss  assessment 
software  used,  requires  four  shaking  parameters  to  perfonn  an  analysis.  These  parameters 
are  peak  ground  acceleration  (PGA),  peak  ground  velocity  (PGV),  short-period  spectral 
acceleration  (Sa  0.3  sec.)  and  long-period  spectral  acceleration  (Sa  1.0  sec.). 

Each  set  of  shaking  maps  is  explained  separately  in  following  discussion.  Most  shaking 
maps  were  created  by  the  USGS  and  modified  by  the  MAEC.  These  modifications  are 
quantified  in  this  appendix.  Shaking  maps  that  were  developed  by  the  MAEC  are  also 
discussed  and  the  creation  process  detailed. 

At  the  conclusion  of  this  appendix  is  a  series  of  maps.  Original  USGS  and  MAEC 
adjusted  maps  are  shown,  for  those  scenarios  that  relied  on  USGS  maps.  All  shaking 
maps  created  by  the  MAEC  are  also  included. 


Alabama  -  New  Madrid  Seismic  Zone  Event 

The  earthquake  impact  assessment  for  the  State  of  Alabama  employs  one  scenario  event 
along  the  New  Madrid  Fault.  The  scenario  consists  of  a  M7.7  earthquake  along  the 
southwest  segment  of  the  presumed  New  Madrid  Fault  system.  The  ground  motions  used 
to  represent  this  seismic  event  were  developed  by  the  USGS  for  the  middle  fault  in  the 
proposed  NMSZ.  Each  fault  line  is  presumed  to  consist  of  three  fault  segments:  northeast, 
central  and  southwest.  The  worst  case  scenario  for  the  State  of  Alabama,  and  the  critical 
counties  in  particular,  is  an  event  on  the  eastern  fault  line  in  the  southwest  segment.  The 
USGS  southwest  extension  map  is  shifted  from  the  middle  fault  to  the  eastern  fault  line 
according  to  the  following  parameters: 

•  Geographic  coordinate  system:  GCS_North_America_1983 

•  Southwest  Segment  -  Eastern  Fault  Line 

•  Central  Meridian:  -92.7 

•  Scale  Factor:  1.005 

Portions  of  Alabama  are  not  covered  by  the  shifted  maps  and  require  the  assignment  of 
shaking  values.  Due  to  the  low  level  of  shaking  experienced  in  the  areas  not  covered  by 
the  shifted  USGS  map,  the  following  values  are  applied  to  shaking  parameters  required 
by  HAZUS-MH  MR2: 

•  PGA:  5%  of  gravity 

•  PGV:  3  inches  per  second 
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•  Spectral  Acceleration  @  1  sec  frequency:  Set  to  1 1%  of  gravity 

•  Spectral  Acceleration  @  0.3  sec  frequency:  Set  to  12%  of  gravity 


Original  USGS  shaking  maps  for  the  southwest  extension  event  in  the  State  of  Alabama 
are  illustrated  in  this  appendix.  Maps  shifted  to  the  eastern  fault  are  also  illustrated  in  this 
appendix. 


Alabama  -  East  Tennessee  Seismic  Zone  Event 


This  earthquake  impact  assessment  for  the  State  of  Alabama  employs  one  scenario  event 
in  Dekalb  County.  The  scenario  consists  of  a  M5.9  earthquake  in  the  East  Tennessee 
Seismic  Zone  (ETSZ).  The  epicenter  location  and  all  soil  and  liquefaction  data  are 
provided  by  the  Geologic  Survey  of  Alabama  (GSA).  The  epicenter  chosen  for  this 
scenario  is  located  at  34.446N,  85.617W.  A  set  of  five  attenuation  functions  is  used  to 
generate  ground  motion.  The  attenuations  and  weighting  factors  are  listed  below: 


Atkinson  and  Boore  (1997) 

0.250 

Toro,  Abrahamson  and  Schneider  (1997) 

0.250 

Frankel,  Mueller,  Bamhard,  Perkins  et  al.  (1996) 

0.250 

Campbell  (2002) 

0.125 

Sommerville,  Collins,  Abrahamson  et  al.  (2002) 

0.125 

It  is  relevant  to  note  that  the  attenuation  from  Frankel,  Mueller,  Bamhard,  Perkins  et  al. 
(1996)  cannot  be  computed  for  a  magnitude  of  5.9.  The  attenuation  only  applies  to 
earthquakes  with  magnitudes  of  6.0  or  greater.  In  order  to  determine  regional  ground 
shaking  with  this  attenuation,  a  magnitude  of  6.0  was  used.  The  four  remaining 
attenuations  employed  a  magnitude  5.9,  as  prescribed  by  GSA.  This  change  does  not 
impact  the  intensity  of  regional  shaking  significantly  and  is  acceptable  for  the  purposes  of 
this  assessment.  Shaking  maps  for  this  scenario  are  illustrated  in  this  appendix. 


Arkansas  -  New  Madrid  Seismic  Zone  Event 

The  earthquake  impact  assessment  for  the  State  of  Arkansas  employs  one  scenario  event 
along  the  New  Madrid  Fault.  The  scenario  consists  of  a  M7.7  earthquake  along  the 
southwest  extension  of  the  presumed  New  Madrid  Fault  system.  The  ground  motions 
used  to  represent  this  seismic  event  were  developed  by  the  USGS  for  the  middle  fault  in 
the  proposed  NMSZ.  Based  on  the  recommendation  of  the  Arkansas  State  Geologic 
Survey,  the  southwest  segment  of  the  middle  fault  is  taken  to  be  the  worst  case  scenario 
for  the  State  of  Arkansas,  and  no  shifting  of  shaking  maps  is  undertaken.  Shaking  maps 
for  this  scenario  are  illustrated  in  this  appendix. 

Portions  of  Arkansas  are  not  covered  by  the  USGSmaps  and  required  the  assignment  of 
shaking  values.  Due  to  the  low  level  of  shaking  experienced  in  the  areas  not  covered  by 
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these  maps,  the  following  values  are  applied  to  shaking  parameters  required  by  HAZUS- 
MHMR2: 

•  PGA:  5%  of  gravity 

•  PGV:  3  inches  per  second 

•  Spectral  Acceleration  @  1  sec  frequency:  Set  to  1 1%  of  gravity 

•  Spectral  Acceleration  @  0.3  sec  frequency:  Set  to  12%  of  gravity 


Illinois  -  New  Madrid  Seismic  Zone  Event 

The  earthquake  impact  assessment  for  the  State  of  Illinois  employs  one  scenario  event 
along  the  New  Madrid  Fault.  The  scenario  consists  of  a  M7.7  earthquake  along  the 
northern  segment  of  the  presumed  New  Madrid  Fault  system.  The  ground  motions  used 
to  represent  this  seismic  event  were  developed  by  the  USGS  for  the  middle  fault  in  the 
proposed  NMSZ.  The  worst  case  scenario  for  the  State  of  Illinois,  for  the  critical  counties 
in  particular,  is  an  event  on  the  western  fault  line  in  the  northern  segment.  The  USGS 
northeast  extension  shaking  maps  are  shifted  from  the  middle  fault  to  the  western  fault 
line  according  to  the  following  parameters: 

•  Geographic  coordinate  system:  GCS_North_America_1983 

•  Northeast  Segment  -  Western  Fault  Line 

•  Central  Meridian:  -93 .189 

•  Scale  Factor:  0.994 

Portions  of  Illinois  are  not  covered  by  the  shifted  maps  and  required  the  assignment  of 
shaking  values.  Due  to  the  low  level  of  shaking  experienced  in  the  areas  not  covered  by 
the  shifted  USGS  map,  the  following  values  are  applied  to  shaking  parameters  required 
by  HAZUS-MH  MR2: 

•  PGA:  5%  of  gravity 

•  PGV:  3  inches  per  second 

•  Spectral  Acceleration  @  1  sec  frequency:  Set  to  1 1%  of  gravity 

•  Spectral  Acceleration  @  0.3  sec  frequency:  Set  to  12%  of  gravity 

Shaking  maps  for  this  scenario  are  illustrated  in  this  appendix. 


Indiana  -  New  Madrid  Seismic  Zone  Event 

This  scenario  consists  of  a  M7.7  earthquake  along  the  northeast  segment  of  the  NMSZ. 
The  ground  motions  used  to  represent  this  seismic  event  were  developed  by  the  USGS  for 
the  middle  fault  in  the  proposed  NMSZ.  The  NMSZ  scenario  for  the  State  of  Indiana 
employs  an  event  in  the  northeast  segment  of  the  eastern  fault.  Original  USGS  shaking 
maps  are  illustrated  in  this  appendix,  while  shifted  shaking  maps  are  also  illustrated  in 
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this  appendix.  Shaking  maps  are  shifted  from  the  middle  fault  to  the  eastern  fault 
according  to  the  following  parameters: 

•  Geographic  coordinate  system:  GCS_North_America_1983 

•  Northeast  Segment  -  Eastern  Fault  Line 

•  Central  Meridian:  -92.7 

•  Scale  Factor:  1.003 

Portions  of  Indiana  are  not  covered  by  the  shifted  maps  and  required  the  assignment  of 
shaking  values.  Due  to  the  low  level  of  shaking  experienced  in  the  areas  not  covered  by 
the  shifted  USGS  map,  the  following  values  are  applied  to  shaking  parameters  required 
by  HAZUS-MH  MR2: 

•  PGA:  5%  of  gravity 

•  PGV:  3  inches  per  second 

•  Spectral  Acceleration  @  1  sec  frequency:  Set  to  1 1%  of  gravity 

•  Spectral  Acceleration  @  0.3  sec  frequency:  Set  to  12%  of  gravity 


Indiana  -  Wabash  Valley  Seismic  Zone  Event 

This  scenario  consists  of  a  M7.1  earthquake  along  the  Wabash  Valley  Fault  system.  The 
ground  motions  used  to  represent  this  seismic  event  were  developed  by  the  USGS.  The 
maps  developed  by  the  USGS  cover  the  entire  State  of  Indiana,  and  there  is  no  need  to 
assign  shaking  values  as  is  carried  out  for  other  states.  Wabash  Valley  Event  shaking 
maps  are  illustrated  in  this  appendix. 


Kentucky  -  New  Madrid  Seismic  Zone  Event 

This  earthquake  impact  assessment  for  the  State  of  Kentucky  employs  one  scenario  event 
along  the  New  Madrid  Fault.  The  ground  motions  used  to  represent  this  seismic  event 
were  developed  by  the  USGS  for  the  middle  fault  in  the  proposed  NMSZ.  The  scenario 
consists  of  a  M7.7  earthquake  along  one  segment  of  the  presumed  New  Madrid  Fault 
system.  The  worst  case  scenario  for  the  entire  State  of  Kentucky  is  an  event  on  the 
eastern  fault  line  in  the  northeast  segment.  All  USGS  shaking  maps  for  Kentucky  are 
illustrated  in  this  appendix  and  shifted  maps  are  shown  in  this  appendix.  The  USGS 
shaking  maps  are  shifted  from  the  middle  fault  to  the  eastern  fault  according  to  the 
following  parameters: 

•  Geographic  coordinate  system:  GCS_North_America_1983 

•  Northeast  Segment  -  Eastern  Fault  Line 

•  Central  Meridian:  -92.7 

•  Scale  Factor:  1.003 
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Portions  of  Kentucky  are  not  covered  by  the  shifted  maps  and  required  the  assignment  of 
shaking  values.  Due  to  the  low  level  of  shaking  experienced  in  the  areas  not  covered  by 
the  shifted  USGS  map,  the  following  values  are  applied  to  shaking  parameters  required 
by  HAZUS-MH  MR2: 

•  PGA:  5%  of  gravity 

•  PGV:  3  inches  per  second 

•  Spectral  Acceleration  @  1  sec  frequency:  Set  to  1 1%  of  gravity 

•  Spectral  Acceleration  @  0.3  sec  frequency:  Set  to  12%  of  gravity 


Mississippi  -  New  Madrid  Seismic  Zone  Event 

The  scenario  consists  of  a  M7.7  earthquake  along  one  segment  of  the  NMSZ.  The  ground 
motions  used  to  represent  this  seismic  event  were  developed  by  the  USGS  for  the  middle 
fault  in  the  proposed  NMSZ.  The  NMSZ  worst  case  scenario  for  the  State  of  Mississippi 
employs  an  event  in  the  southwest  segment  of  the  eastern  fault.  Shaking  maps  created  by 
the  USGS  are  illustrated  in  this  appendix,  while  shifted  maps  for  Mississippi  are  also 
depicted  in  this  appendix.  The  original  USGS  maps  are  shifted  to  the  eastern  fault  line 
according  to  the  following  parameters: 

•  Geographic  coordinate  system:  GCS_North_America_1983 

•  Southwest  Segment  -  Eastern  Fault  Line 

•  Central  Meridian:  -92.7 

•  Scale  Factor:  1.005 

Portions  of  Mississippi  are  not  covered  by  the  shifted  maps  and  required  the  assignment 
of  shaking  values.  Due  to  the  low  level  of  shaking  experienced  in  the  areas  not  covered 
by  the  shifted  USGS  map,  the  following  values  are  applied  to  shaking  parameters 
required  by  HAZUS-MH  MR2: 

•  PGA:  5%  of  gravity 

•  PGV:  3  inches  per  second 

•  Spectral  Acceleration  @  1  sec  frequency:  Set  to  1 1%  of  gravity 

•  Spectral  Acceleration  @  0.3  sec  frequency:  Set  to  12%  of  gravity 


Missouri  -  New  Madrid  Seismic  Zone  Event 

The  earthquake  impact  assessment  for  the  State  of  Missouri  employs  one  scenario  event 
along  the  New  Madrid  Fault.  The  scenario  consists  of  a  M7.7  earthquake  along  the 
central  segment  of  the  presumed  New  Madrid  Fault  system.  The  ground  motions  used  to 
represent  this  seismic  event  were  developed  by  the  USGS  for  the  middle  fault  in  the 
proposed  NMSZ.  The  worst  case  scenario  for  the  State  of  Missouri  is  an  event  on  the 
western  fault  line  in  the  central  segment.  USGS  maps  for  the  middle  fault  are  shown  in 
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this  appendix,  and  shifted  maps  are  also  shown  in  this  appendix.  Original  USGS  shaking 
maps  are  shifted  to  the  western  fault  according  to  the  following  parameters. 

•  Geographic  coordinate  system:  GCS_North_America_1983 

•  Central  Segment  -  Western  Fault  Line 

•  Central  Meridian: -93.53 

•  Scale  Factor:  0.994 

Portions  of  Missouri  are  not  covered  by  the  shifted  maps  and  required  the  assignment  of 
shaking  values.  Due  to  the  low  level  of  shaking  experienced  in  the  areas  not  covered  by 
the  shifted  USGS  map,  the  following  values  are  applied  to  shaking  parameters  required 
by  HAZUS-MH  MR2: 

•  PGA:  5%  of  gravity 

•  PGV:  3  inches  per  second 

•  Spectral  Acceleration  @  1  sec  frequency:  Set  to  1 1%  of  gravity 

•  Spectral  Acceleration  @  0.3  sec  frequency:  Set  to  12%  of  gravity 


Tennessee  -  New  Madrid  Seismic  Zone  Event 

The  earthquake  impact  assessment  for  the  State  of  Tennessee  employs  one  scenario  event 
along  the  NMSZ.  The  ground  motions  used  to  represent  this  seismic  event  were 
developed  by  the  USGS.  The  scenario  consists  of  a  M7.7  earthquake  along  one  segment 
of  the  NMSZ.  The  worst  case  scenario  for  the  State  of  Tennessee  is  an  event  on  an 
eastern  fault  line  associated  with  the  southern  segment.  The  USGS  maps  for  the  middle 
fault  are  illustrated  in  this  appendix,  while  the  shifted  maps  are  also  shown  in  this 
appendix.  Original  USGS  maps  are  shifted  to  the  eastern  fault  according  to  the  following 
parameters: 

•  Geographic  coordinate  system:  GCS_North_America_1983 

•  Southwest  Segment  -  Eastern  Fault  Line 

•  Central  Meridian:  -92.7 

•  Scale  Factor:  1.005 

Portions  of  Tennessee  are  not  covered  by  the  shifted  maps  and  required  the  assignment  of 
shaking  values.  Due  to  the  low  level  of  shaking  experienced  in  the  areas  not  covered  by 
the  shifted  USGS  map,  the  following  values  are  applied  to  shaking  parameters  required 
by  HAZUS-MH  MR2: 

•  PGA:  5%  of  gravity 

•  PGV:  3  inches  per  second 

•  Spectral  Acceleration  @  1  sec  frequency:  Set  to  1 1%  of  gravity 

•  Spectral  Acceleration  @  0.3  sec  frequency:  Set  to  12%  of  gravity 
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Alabama  PGA  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Alabama  PGV  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Alabama  PGV  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Alabama  Sa  0.3  Sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Alabama  Sa  0.3  Sec.  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Alabama  Sa  1.0  Sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Alabama  Sa  1.0  Sec.  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 


Legend 
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Alabama  PGA  -  East  Tennessee  Seismic  Zone:  M5.9  Event 
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Alabama  PGV  -  East  Tennessee  Seismic  Zone:  M5.9  Event 
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Illinois  PGA  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Illinois  PGA  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Illinois  PGV  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Illinois  PGV  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Illinois  Sa  0.3  sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Illinois  Sa  1.0  sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 


Legend 

USGS  NE  Sa  1.0  sec.  (g) 

—  0.11  -0.2 

—  0.2-0.35 
0.35-0.5 
0.5  -  0.65 
0.65  -  0.8 

—  0.8-0.95 

—  0.95  -  1 .1 

—  1.1  -  1.28 

*  Fault  End  Points 
■^Fictitious  Fault  Lines 
Major  Cities 

*  80,000-  100,000 
*  100,001  -  200,000 
•  200,001  -  2,750,000 
C3  Critical  Counties 


Mid-America  Earthquake  Center 

Ui  be  n  ft,  of  llllto  fc  at  U  float  a-C  ham  pa  t|  t ,  lllhio  t .  USA. 

Ajn  rS.  Elia*  kal  Project?  illegal  liiie*tltptir 
Tli  e  re  s a  -Je  It  so  t .  P  rlic()al  It  ue*tlcptor 


127 


Illinois  Sa  1.0  sec.  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Indiana  PGA  for  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Indiana  PGA  for  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 


20  40 


80 


Mites 


120 

't 


So utli  Bend 


Legend 

MAEC  NE  PGA  (g) 


0.06 

-0  15 

0.15 

-0.3 

0.3  - 

0.45 

0.45 

-0.6 

0.6  - 

0.75 

0.75 

-0.9 

0.9  - 

1.05 

1.05 

-  1.2 

1  2- 

1  38 

FauiS 

End  Points 

■^Fictitious  Fault  Lines 

Major  Cities 

O  50 pOO-  100,000 

•  100,001  -  200,000 

200 ,001  -  753 ,000 

I  Critical  Counties 


Mid-America  Earthquake  Center 

Lli  Iuh  re  it,  ot  llllto  I:  at  U  Not  a-C  ham  |.o  tj  t ,  lillto  t .  USA 
Am  r  S.  E  Its;  ha  [  P  no(e  ct  P  ill  opal  live  tttjati  i 
1  *  re  sa  J*  bo  i ,  P  i nopal  li  vestfcjat'i 


130 


Indiana  PGV  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Indiana  PGV  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Indiana  Sa  0.3  sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Indiana  Sa  0.3  sec.  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Indiana  Sa  1.0  sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Indiana  Sa  1.0  sec.  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Indiana  PGA  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


Mid-America  Earthquake  Center 

LI i  be r?  Ifc- of  llllto  Is  ort  U  riMi a-C karn pa  tj  i ,  llllio  t .  USA 
flm  r  5.  E  liar  hn  L  P  icle  ct  P  Hi  e|jal  live  itkjat.  r 
1  e  re  sa  Je  tfr  to  i .  P  i licpal  li  veitfcpt'i 


137 


Indiana  PGV  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 
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Indiana  Sa  0.3  sec.  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


Mid-America  Earthquake  Center 

LI i  be r?  Ifc- of  llllto  Is  ort  U  riMi a-C barn pa  tj  i ,  llllio  t .  US.4. 

,4m  r  S.  E  liar  hn  L  P  icle  ct  P  Hi  e|jal  live  itkjat.  r 
1  e  re  sa  Je  tfr  to  i .  P  i  licpal  li  veitfcpt'i 


139 


Indiana  Sa  1.0  sec.  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 
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Kentucky  PGA  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Kentucky  Sa  0.3  sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Kentucky  Sa  1.0  sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 

April  2008 
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Mississippi  PGA  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Tennessee  PGA  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Tennessee  PGA  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Tennessee  PGV  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 


Legend 

USGS  SW  PGV  (in./sec.)  •  Fault  End  Points 


0  20  40 


SO 


120 


Mil  es 


■  3  .  io 

'“Fictitious  Fault  Lin 

■  TO  -15 

Major  Cities 

■  15-20 

*  50,000  -  100,000 

20  -  25 

100J001  -  200,000 

25  -  30 

200,001  -  615,000 

30  -  35 

^9Critical  Counties 

■  35-40 

■  40-45 

■  45-52 

Mid-America  Earthquake  Center 

Ui  r.T  nr  it  or  lillko  I*  at  U  il  oi  a-C  karri  |  a  tj  k ,  Milk  :  t .  USA. 

Am  i  S.  Elkatkal  P  io|e  ct P  tlkc|>al  Ikuestlgatjr 
T1  e re f a  Ju Tt  rro k ,  Pi licpal  Ik ue*tlgat>i 


167 


Tennessee  PGV  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Tennessee  Sa  0.3  sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Tennessee  Sa  0.3  sec.  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Tennessee  Sa  1.0  sec.  from  USGS  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Tennessee  Sa  1.0  sec.  from  MAEC  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Appendix  II:  Inventory 


This  appendix  details  the  inventory  employed  in  all  State  Reports.  Inventory  data  used  in  state 
workshop  scenarios  is  a  combination  of  HAZUS-MH  MR2  default  data  and  2007  Homeland 
Security  Infrastructure  Program  (HSIP)  datasets  with  additional  inventory  collected  by  the  MAE 
Center  for  specific  regions.  The  inventory  required  for  a  HAZUS-MH  MR2  analysis  is  divided 
into  numerous  categories,  some  of  which  have  been  updated  for  the  impact  assessment  provided 
for  state  workshops.  The  ‘general  building  stock’  defines  all  buildings  in  a  state  that  are  not 
related  to  transportation  and  utilities  services.  This  dataset  includes  residential,  commercial, 
industrial,  government,  education,  religious,  and  agricultural  buildings.  These  buildings  are 
aggregated  at  the  census  tract  level,  meaning  all  buildings  are  summed  by  construction  type  and 
occupancy  type  independently  for  a  given  census  tract.  The  general  building  stock  was  not 
updated  for  state  workshop  analyses  due  to  a  lack  of  refined  data  for  the  areas  requiring 
assessment,  so  HAZUS-MH  MR2  default  inventory  was  used  here. 

‘Essential  facilities’  is  a  dataset  that  is  broken  out  from  the  general  building  stock.  These 
facilities  include  schools,  hospitals,  fire  stations,  police  stations,  and  emergency  operation 
centers  and  are  separated  from  the  general  building  stock  due  to  their  critical  importance  in 
rescue  efforts  following  a  natural  disaster.  Essential  facilities  information  was  updated  with 
HSIP  data  for  each  facility  type.  Additional  hospitals  from  HSIP  data  were  added  and  classified 
by  size  (based  on  number  of  beds).  Primary  and  secondary  schools,  as  well  as  colleges  and 
universities,  were  added  to  HAZUS-MH  MR2  inventory  and  classified  accordingly.  Fire  and 
police  station  datasets  were  supplemented  with  HSIP  data  as  well.  All  new  essential  facilities 
taken  from  HSIP  datasets  were  assigned  the  HAZUS-MH  MR2  default  structure  type  associated 
with  that  particular  facility  type.  For  example,  HAZUS-MH  MR2  classifies  all  fire  stations  as 
unreinforced  masonry,  low-rise  (URML)  construction.  Since  structure  type  is  not  defined  within 
the  HSIP  datasets,  all  fire  stations  added  from  that  data  were  assigned  the  HAZUS-MH  MR2 
default  structure  type  URML.  The  same  is  true  for  all  other  essential  facility  types  as  follows: 

•  Schools,  police  stations,  EOCs  structure  type:  URML 

•  Hospital  structure  type:  PC  1 

Additionally,  replacement  cost  data  was  updated  to  reflect  more  current  cost  data.  Eduardo 
Escalona,  at  the  time  working  with  FEMA  VII,  assisted  the  MAE  Center  with  updates  to 
essential  facilities.  For  more  detailed  infonnation  on  the  updates  to  essential  facilities,  reference 
is  made  to  Escalona.1 

The  State  of  Illinois  impact  assessment  also  drew  inventory  data  from  a  previous  MAE  Center 
project,  SE-1,  with  Professors  Steven  French  of  the  Georgia  Institute  of  Technology  and  Robert 
Olshansky  of  the  University  of  Illinois  at  Urbana-Champaign.  This  report  includes  essential 


1  Eduardo  Escalona.  (Formerly  of  FEMA  Region  VII)  currently  PBS&J. 
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facilities  data  for  23  counties  in  southern  Illinois.  For  further  information  on  the  essential 
facilities  data  included  in  the  State  of  Illinois  impact  assessment,  please  contact  the  MAE  Center". 

Transportation,  utility,  and  high  potential-loss  facility  (HPLF)  datasets  were  also  updated  with 
HSIP  data.  The  only  exception  to  this  is  the  potable  water  facility  dataset.  The  HSIP  critical 
infrastructure  data  does  not  include  information  on  potable  water  facilities,  and  thus  no  updates 
to  HAZUS-MH  MR2  inventory  were  completed.  Transportation,  utility  and  HPLF  inventory 
datasets  were  appended  to  include  HSIP  data.  HAZUS-MH  MR2  inventory  was  compared  with 
HSIP  data  for  each  facility  type  and  when  the  HSIP  dataset  reported  more  facilities  than 
HAZUS-MH  MR2  default  inventory,  those  additional  facilities  from  the  HSIP  dataset  were 
added  to  the  HAZUS-MH  MR2  default  inventory.  This  means  that  no  facilities  were  deleted 
from  HAZUS-MH  MR2  default  inventory,  but  rather  facilities  were  added  to  create  the  most 
comprehensive  dataset  available.  Kirk  Chesla  of  Innovative  Emergency  Management  (IEM) 
assisted  the  MAE  Center  with  inventory  updates  for  transportation,  utility,  and  HPLF  facilities. 
More  specifically  datasets  updated  with  HSIP  data  include: 

•  Transportation  Systems 
o  Highway  Bridges 

o  Railway  Bridges 
o  Ferry  Facilities 
o  Bus  Stations 
o  Airports 

o  Light  Rail  Facilities  and  Bridges 

•  Utility  Systems 

o  Waste  Water  Facilities 
o  Natural  Gas  Facilities 
o  Major  Natural  Gas  Transmission  Pipelines 
o  Oil  Facilities 

o  Major  Oil  Transmission  Pipelines 
o  Electric  Power  Facilities 
o  Major  Electric  Transmission  Lines 
o  Communication  Facilities 

•  High  Potential-Loss  Facilities 

o  Dams 

o  Nuclear  Power  Facilities 

o  Military  Installations 

o  Hazardous  Materials  Facilities 

In  addition,  regional  transmission  lines  for  natural  gas  and  oil  were  added  from  the  HSIP  2007 
data.  Replacement  costs  were  also  added  to  these  major  natural  gas  and  oil  transmission  lines. 
Pipeline  inventory  updates  were  also  assisted  by  Eduardo  Escalona  (contact  information  above). 

The  following  tables  illustrate  differences  between  HAZUS-MH  MR2  default  inventory  and  the 
inventory  updates  completed  for  the  State  Reports.  Infrastructure  categories  are  listed  by  state. 

2  Mid- America  Earthquake  Center,  SE-1  “Inventory  of  Essential  Facilities  in  Mid- America.”  Contact  Person: 

Timothy  Gress,  Phone:  217-244-6302,  Email:  tgress@uiuc.edu 
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Table  1:  Alabama  Inventory  Comparison 


Infrastructure  Category 

HAZUS  MR2 

Default 

Inventory 

Updated 

Inventory 

Essential  Facilities 

Hospitals 

122 

137 

Schools 

1,857 

1,870 

Fire  Stations 

729 

1,388 

Police  Stations 

470 

496 

Emergency  Operation  Centers 

27 

27 

Transportation  Facilities 

Highway  Bridges 

11,857 

14,597 

Highway  Tunnels 

0 

0 

Railway  Bridges 

88 

118 

Railway  Facilities 

104 

109 

Railway  Tunnel 

0 

9 

Bus  Facilities 

16 

24 

Port  Facilities 

274 

274 

Ferry  Facilities 

0 

6 

Airports 

180 

469 

Light  Rail  Facilities 

0 

0 

Light  Rail  Bridges 

0 

0 

Utility  Facilities 

Communication  Facilities 

418 

15,341 

Electric  Power  Facilities 

78 

1,425 

Natural  Gas  Facilities 

81 

368 

Oil  Facilities 

17 

112 

Potable  Water  Facilities 

30 

30 

Waste  Water  Facilities 

299 

410 

High  Potential  Loss  Facilities 

Dams 

2,101 

2,220 

Hazardous  Materials  Facilities 

2,199 

3,360 

Levees 

0 

0 

Nuclear  Power  Facilities 

3 

3 

175 


Table  2:  Arkansas  Inventory  Comparison 


Infrastructure  Category 

HAZUS  MR2 

Default 

Inventory 

Updated 

Inventory 

Essential  Facilities 

Hospitals 

93 

103 

Schools 

1,059 

1,254 

Fire  Stations 

435 

1,330 

Police  Stations 

378 

515 

Emergency  Operation  Centers 

11 

11 

Transportation  Facilities 

Highway  Bridges 

5,634 

5,634 

Highway  Tunnels 

2 

2 

Railway  Bridges 

48 

48 

Railway  Facilities 

68 

68 

Railway  Tunnel 

0 

0 

Bus  Facilities 

16 

16 

Port  Facilities 

99 

99 

Ferry  Facilities 

1 

1 

Airports 

216 

314 

Light  Rail  Facilities 

0 

0 

Light  Rail  Bridges 

0 

0 

Utility  Facilities 

Communication  Facilities 

310 

625 

Electric  Power  Facilities 

31 

56 

Natural  Gas  Facilities 

97 

97 

Oil  Facilities 

10 

10 

Potable  Water  Facilities 

69 

69 

Waste  Water  Facilities 

411 

411 

High  Potential  Loss  Facilities 

Dams 

1,173 

1,173 

Hazardous  Materials  Facilities 

1,475 

1,475 

Levees 

0 

0 

Nuclear  Power  Facilities 

1 

1 
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Table  3:  Illinois  Inventory  Comparison 


Infrastructure  Category 

HAZUS  MR2 

Default 

Inventory 

Updated 

Inventory 

Essential  Facilities 

Hospitals 

227 

249 

Schools 

5,283 

5,722 

Fire  Stations 

1,007 

1,725 

Police  Stations 

866 

1,044 

Emergency  Operation  Centers 

149 

149 

Transportation  Facilities 

Highway  Bridges 

22,854 

22,854 

Highway  Tunnels 

0 

0 

Railway  Bridges 

963 

1,030 

Railway  Facilities 

285 

285 

Railway  Tunnel 

0 

4 

Bus  Facilities 

101 

119 

Port  Facilities 

438 

514 

Ferry  Facilities 

2 

11 

Airports 

624 

929 

Light  Rail  Facilities 

0 

401 

Light  Rail  Bridges 

38 

38 

Utility  Facilities 

Communication  Facilities 

518 

34,833 

Electric  Power  Facilities 

153 

2,172 

Natural  Gas  Facilities 

62 

1,333 

Oil  Facilities 

39 

275 

Potable  Water  Facilities 

242 

242 

Waste  Water  Facilities 

876 

9,389 

High  Potential  Loss  Facilities 

Dams 

1,255 

1,511 

Hazardous  Materials  Facilities 

4,870 

7,249 

Levees 

0 

0 

Nuclear  Power  Facilities 

7 

7 

177 


Table  4:  Indiana  Inventory  Comparison 


Infrastructure  Category 

HAZUS  MR2 

Default 

Inventory 

Updated 

Inventory 

Essential  Facilities 

Hospitals 

128 

175 

Schools 

2,630 

2,686 

Fire  Stations 

605 

1,210 

Police  Stations 

502 

474 

Emergency  Operation  Centers 

51 

51 

Transportation  Facilities 

Highway  Bridges 

16,505 

16,505 

Highway  Tunnels 

0 

0 

Railway  Bridges 

80 

92 

Railway  Facilities 

91 

91 

Railway  Tunnel 

0 

8 

Bus  Facilities 

32 

46 

Port  Facilities 

84 

91 

Ferry  Facilities 

0 

0 

Airports 

496 

496 

Light  Rail  Facilities 

0 

13 

Light  Rail  Bridges 

0 

0 

Utility  Facilities 

Communication  Facilities 

386 

21,679 

Electric  Power  Facilities 

54 

792 

Natural  Gas  Facilities 

29 

29 

Oil  Facilities 

11 

170 

Potable  Water  Facilities 

96 

96 

Waste  Water  Facilities 

446 

446 

High  Potential  Loss  Facilities 

Dams 

1,026 

1,163 

Hazardous  Materials  Facilities 

3,793 

3,793 

Levees 

0 

0 

Nuclear  Power  Facilities 

0 

0 

178 


Table  5:  Kentucky  Inventory  Comparison 


Infrastructure  Category 

HAZUS  MR2 

Default 

Inventory 

Updated 

Inventory 

Essential  Facilities 

Hospitals 

121 

135 

Schools 

1,666 

1,846 

Fire  Stations 

625 

1,066 

Police  Stations 

381 

407 

Emergency  Operation  Centers 

9 

0 

Transportation  Facilities 

Highway  Bridges 

6,443 

6,805 

Highway  Tunnels 

4 

4 

Railway  Bridges 

143 

166 

Railway  Facilities 

117 

117 

Railway  Tunnel 

1 

18 

Bus  Facilities 

21 

26 

Port  Facilities 

277 

301 

Ferry  Facilities 

1 

16 

Airports 

142 

219 

Light  Rail  Facilities 

0 

0 

Light  Rail  Bridges 

0 

0 

Utility  Facilities 

Communication  Facilities 

374 

16,357 

Electric  Power  Facilities 

68 

1,693 

Natural  Gas  Facilities 

75 

337 

Oil  Facilities 

20 

88 

Potable  Water  Facilities 

179 

179 

Waste  Water  Facilities 

335 

9,080 

High  Potential  Loss  Facilities 

Dams 

1,134 

1,188 

Hazardous  Materials  Facilities 

2,060 

2,830 

Levees 

0 

0 

Nuclear  Power  Facilities 

0 

0 

179 


Table  6:  Mississippi  Inventory  Comparison 


Infrastructure  Category 

HAZUS  MR2 

Default 

Inventory 

Updated 

Inventory 

Essential  Facilities 

Hospitals 

105 

123 

Schools 

1,124 

1,281 

Fire  Stations 

430 

984 

Police  Stations 

368 

365 

Emergency  Operation  Centers 

37 

37 

Transportation  Facilities 

Highway  Bridges 

13,692 

16,936 

Highway  Tunnels 

0 

0 

Railway  Bridges 

56 

63 

Railway  Facilities 

71 

76 

Railway  Tunnel 

1 

1 

Bus  Facilities 

27 

40 

Port  Facilities 

205 

222 

Ferry  Facilities 

0 

2 

Airports 

192 

256 

Light  Rail  Facilities 

0 

0 

Light  Rail  Bridges 

0 

0 

Utility  Facilities 

Communication  Facilities 

299 

9,216 

Electric  Power  Facilities 

32 

748 

Natural  Gas  Facilities 

55 

415 

Oil  Facilities 

10 

105 

Potable  Water  Facilities 

17 

17 

Waste  Water  Facilities 

335 

3,080 

High  Potential  Loss  Facilities 

Dams 

3,307 

3,514 

Hazardous  Materials  Facilities 

1,154 

1,939 

Levees 

0 

0 

Nuclear  Power  Facilities 

1 

1 

180 


Table  7:  Missouri  Inventory  Comparison 


Infrastructure  Category 

HAZUS  MR2 

Default 

Inventory 

Updated 

Inventory 

Essential  Facilities 

Hospitals 

Schools 

Fire  Stations 

Police  Stations 

Emergency  Operation  Centers 

143 

2,863 

636 

592 

33 

160 

2,817 

1,399 

654 

33 

Transportation  Facilities 

Highway  Bridges 

Highway  Tunnels 

Railway  Bridges 

Railway  Facilities 

Railway  Tunnel 

Bus  Facilities 

Port  Facilities 

Ferry  Facilities 

Airports 

Light  Rail  Facilities 

Light  Rail  Bridges 

21,765 

0 

163 

125 

0 

62 

193 

1 

401 

0 

0 

21,765 

0 

200 

125 

12 

72 

230 

8 

558 

17 

0 

Utility  Facilities 

Communication  Facilities 

Electric  Power  Facilities 

Natural  Gas  Facilities 

Oil  Facilities 

Potable  Water  Facilities 

Waste  Water  Facilities 

397 

79 

9 

10 

187 

1,312 

20,872 

1,406 

354 

119 

8,599 

1,312 

High  Potential  Loss  Facilities 

Dams 

Hazardous  Materials  Facilities 
Levees 

Nuclear  Power  Facilities 

4,108 

2,113 

0 

1 

5,265 

2,833 

0 

1 
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Table  8:  Tennessee  Inventory  Comparison 


Infrastructure  Category 

HAZUS  MR2 

Default 

Inventory 

Updated 

Inventory 

Essential  Facilities 

Hospitals 

135 

180 

Schools 

1,973 

2,309 

Fire  Stations 

565 

1,110 

Police  Stations 

425 

423 

Emergency  Operation  Centers 

36 

0 

Transportation  Facilities 

Highway  Bridges 

5,298 

7,215 

Highway  Tunnels 

5 

5 

Railway  Bridges 

122 

151 

Railway  Facilities 

129 

129 

Railway  Tunnel 

0 

15 

Bus  Facilities 

35 

51 

Port  Facilities 

168 

200 

Ferry  Facilities 

1 

6 

Airports 

184 

315 

Light  Rail  Facilities 

0 

25 

Light  Rail  Bridges 

0 

0 

Utility  Facilities 

Communication  Facilities 

458 

16,130 

Electric  Power  Facilities 

59 

428 

Natural  Gas  Facilities 

56 

183 

Oil  Facilities 

21 

121 

Potable  Water  Facilities 

98 

98 

Waste  Water  Facilities 

504 

1,946 

High  Potential  Loss  Facilities 

Dams 

994 

1,204 

Hazardous  Materials  Facilities 

2,489 

4,006 

Levees 

0 

0 

Nuclear  Power  Facilities 

2 

2 
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Appendix  III:  Fragility  Relationships1 


Overview 

Fragility  relationships  are  a  critical  component  of  seismic  impact  assessment.  The  fragility,  or 
vulnerability,  functions  relate  the  severity  of  shaking  to  the  probability  of  reaching  a  level  of 
damage  (e.g.  light,  medium,  extensive,  near-collapse)  to  various  infrastructure  items.  The  level 
of  shaking  can  be  quantified  using  numerous  shaking  parameters,  including  peak  ground 
acceleration,  velocity,  displacement,  spectral  acceleration,  spectral  velocity  or  spectral 
displacement.  Each  infrastructure  item  requires  a  corresponding  set  of  fragilities  to  detennine 
damage  level  likelihoods  (probability).  For  example,  medium  span  RC  bridges  will  have  3 
fragility  relationships  that  yield  the  likelihood  that  a  bridge  will  be  lightly  damaged,  incur 
medium  damage  or  be  near  collapse.  All  inventory  categories  provided  in  HAZUS-MH  MR2 
also  include  fragilities,  termed  ‘default’  fragilities  as  they  are  the  default  values  used  by  the 
program.  It  is  possible  to  improve  these  fragilities  for  more  accurate  impact  assessments.  Due  to 
the  tight  time  line  for  the  emergency  response  planning  workshops  for  the  8  states,  the  HAZUS 
default  fragilities  were  used  throughout  this  study.  Phase  II  of  the  current  project  will  employ 
advanced  fragilities  based  on  analytical  and  physical  simulations. 

Each  infrastructure  type  has  a  set  of  fragility  functions — one  for  each  damage  level.  HAZUS- 
MH  MR2  specifies  four  damage  levels:  slight,  moderate,  extensive,  and  complete.  Complete 
damage  is  most  simply  defined  as  being  damaged  beyond  any  state  of  repair.  All  other  damage 
states  vary  between  no  damage  up  to  complete  damage,  though  descriptions  for  each 
infrastructure  type  differ  based  on  the  type  of  construction.  When  fragility  functions  are  updated, 
the  parameters  for  each  of  the  four  damage  levels  must  be  updated.  Many  default  fragilities  are 
based  on  expert  opinion,  and  updating  these  with  fragilities  developed  using  analytical  models 
will  improve  the  accuracy  of  damage  estimations.  Since  inventory  and  hazard  improvements 
were  the  primary  components  of  this  series  of  Phase  I  analyses,  fragility  functions  were  not 
updated.  Default  fragilities  are  considered  conservative  since  very  little  analytical  work  was  done 
to  generate  most  of  them.  As  a  result,  improving  fragilities  does  not  always  increase  damage,  as 
shown  by  Elnashai  and  Cleveland  (2007). 


Fragility  Definition  and  Applications 

In  general,  fragility  functions  relate  a  level  of  shaking,  or  system  demand,  to  the  conditional 
probability  of  a  specific  system  reaching  or  exceeding  a  limit  state  response.  Figure  1  illustrates 
typical  fragility  functions.  A  deterministic  response,  or  the  vertical  line,  indicates  a  lack  of 
uncertainty  in  the  system  response.  Fragility  curves  close  to  vertical  indicate  a  low  level  of 
uncertainty  (PI),  while  those  with  a  much  higher  uncertainty  are  spread  over  a  much  wider  range 
of  shaking  values  (P2). 


1  This  appendix  heavily  references  the  Illinois  Emergency  Management  Agency  Report  (Mid-America  Earthquake 
Center,  2007). 
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Derivation  of  useful  functions  requires  the  definition  of  limit  states  that  are  meaningful  in  the 
context  of  loss  assessment.  Selection  and  quantitative  definition  of  limit  states  are  central  to  the 
derivation  of  system  vulnerability.  With  the  limit  states  already  defined,  the  limit  state 
probability  is  given  by: 

P[LS]  =  lP[LS\D  =  d]P[D  =  d]  (1) 

Here  D  defines  the  random  variable  representing  the  demand  of  the  system;  P[LS|D=d]  is  the 
conditional  limit  state  probability,  given  that  D=d,  and  the  summation  taken  over  all  values  of  D. 
The  probability  P[D=d]  defines  the  hazard.  The  variable  d  is  the  control  or  interface  variable. 


Conditional 


The  conditional  probability,  P[LS|D=d]  =  V(x),  is  the  measure  of  vulnerability  (Wen  et  al,  2003). 
The  previous  equation  indicates  a  coupled  probabilistic  approach,  meaning  coupled  with  regard 
to  the  system  resistance  or  limit  states  and  demand  imposed  on  the  system.  Conversely, 
uncoupled  vulnerability  analysis,  indicating  that  relationships  are  derived  which  are  independent 
of  the  site  hazard,  offer  a  number  of  attractive  features,  such  as  simplification  of  the  derivations 
and  avoidance  of  the  need  to  define  very  low  probability  events  (Wen  et  al,  2003). 


Default  HAZUS-MH  MR2  Fragilities  for  Buildings 

HAZUS-MH  MR2  classifies  buildings  into  36  different  types  based  on  the  building  material  and 
structural  system  employed  in  the  building’s  construction.  A  summary  of  building  types  is 
illustrated  in  Table  1,  while  more  detailed  descriptions  are  provided  the  HAZUS-MH  MR2 
Technical  Manual  (FEMA-NIBS,  2006).  The  inventory  in  the  regions  considered  in  the  NMSZ 
analysis  only  includes  16  of  these  36  building  types.  Mid-rise  and  high-rise  buildings  are  not  part 
of  the  HAZUS-MH  MR2  building  inventory  in  the  central  and  eastern  US  (CEUS). 
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The  16  building  types  that  comprise  the  eight  state  regions  investigated  in  this  study  include: 


• 

W1 

• 

S3 

• 

C2L 

• 

RM1L 

• 

W2 

• 

S4L 

• 

C3L 

• 

RM2L 

• 

S1L 

• 

S5L 

• 

PCI 

• 

URML 

• 

S2L 

• 

C1L 

• 

PC2L 

• 

MH 

Building  fragilities  are  based  on  the  spectral  displacement  shaking  parameter.  A  typical  set  of 
fragility  curves  for  buildings  is  displayed  in  Figure  2.  Each  of  the  four  damage  states  utilized  in 
HAZUS-MFI  MR2  is  represented  in  the  figure. 


Slight  —  —  Moderate  - Extensive  “  “  *  Complete 


0.00  5.00  10.00  15.00  20.00  25.00 

Spectral  Displacement  (Inches) 


Figure  2:  Example  Set  of  Fragility  Curves  for  Buildings 


Fragility  curves  are  developed  using  the  equation  below: 


P\Exceedancei  Sd  ]  =  © 


1 


P 


TOTi 


In 


LS, 


y 


(2) 


Where: 


©  =  Standard  Normal  Cumulative  Distribution  function; 

PxoTi  =  Total  uncertainty  associated  with  damage  state,  I; 

Sd  =  Spectral  displacement  (variable); 

LSi  =  Median  value  of  spectral  displacement  at  which  the  building 
reaches  the  threshold  of  damage  state,  i 


In  order  to  utilize  the  fragility  relationships  which  provide  the  damage  probabilities  as  a  function 
of  the  structural  response,  the  latter  must  first  be  determined  using  a  capacity  spectrum  approach. 
This  requires  the  definition  of  building  capacity  curves  for  the  four  seismic  design  levels;  pre-, 
low-,  moderate-,  and  high-code;  of  the  36  building  types  (36x4  curves). 
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Table  1:  Model  Building  Types 


Height 

No 

Libel 

Description 

Range 

Typical 

Nuns 

Stories 

Stories 

Feet 

mm 

W1 

Wood.  Light  Frame  1  5.000  sq.  ft. I 

1-2 

1 

14 

B 

W2 

Wood.  Commercial  and  Indus! rial  (> 
5.000  sq.  It) 

All 

2 

24 

3 

mm 

Steel  Moment  Frame 

Low-Rise 

1-3 

2 

24 

4 

Mid-Rise 

4-7 

5 

60 

5 

S1H 

High-Rise 

8+ 

13 

156 

6 

EJ 

Steel  Braced  Frame 

Low-Rite 

1-3 

24 

7 

Mid-Rise 

4-7 

60 

8 

S2H 

High-Rise 

8+ 

13 

156 

9 

S3 

Steel  Light  Frame 

All 

1 

15 

10 

S4L 

Steel  Frame  with  Cast-ill- Place  Concrete 

Low-Rise 

1-3 

24 

11 

S4M 

ShearWalls 

Mid-Rise 

4-7 

60 

12 

S4H 

High-Rise 

8+ 

13 

156 

D 

S5L 

Steel  Frame  with  lnremforced  Masonr  y 

Low-Rite 

1-3 

2 

24 

D 

S5M 

Infill  Walls 

Mid -Rise 

4-7 

5 

60 

■9 

S5H 

High-Rise 

8+ 

13 

156 

16 

C1L 

Concrete  Moment  Frame 

Low-Rite 

1-3 

20 

17 

C1M 

Mid-Rise 

4-7 

50 

18 

C1H 

High-Rise 

8+ 

12 

120 

19 

QL 

Concrete  Shear  Walb 

Low-Rise 

1-3 

2 

20 

20 

GM 

Mid-Rise 

4-7 

5 

50 

21 

GH 

High-Rise 

8s- 

12 

120 

22 

OL 

Concrete  Frame  with  l  nremforced 

Low-Rise 

1-3 

2 

20 

23 

GM 

Masonry  Infill  W  alb 

Mid -Rise 

4-7 

5 

50 

24 

GH 

High -Rise 

8+ 

12 

120 

25 

PCI 

Precast  Concrete  Tih-l'p  Walb 

All 

1 

15 

26 

PC2L 

Precast  Concrete  Frames  with  Concrete 

Low-Rise 

1-3 

20 

27 

PC2M 

Shear  Walb 

Mid -Rise 

4-7 

50 

28 

PC2H 

High-Rise 

8+ 

12 

120 

29 

RM1L 

Reinforced  Masonry  Rearing  Walb  with 

Low-Rite 

1-3 

2 

20 

30 

RN11M 

Wood  or  Metal  I>eck  Diaphragms 

Mid -Rise 

4+ 

5 

50 

31 

RM2L 

Reinforced  Masonry  Rearing  W  alb  with 

Low-Rise 

1-3 

mm 

20 

32 

RM2M 

Precast  Concrete  Diaphragms 

Mid -Rise 

4-7 

50 

33 

RM2H 

High-Rise 

8+ 

Ifi 

120 

34 

URML 

l  nremforced  Masonry  Bearing  W  alb 

Low-Rise 

1-2 

i 

15 

35 

URMM 

Mid  Rise 

3+ 

3 

35 

36 

MH 

Mobile  Homes 

All 

1 

10 

Pushover  curves  are  generally  obtained  from  experimental  results  in  published  literature  or 
through  analytical  models  of  specific  structure  types.  Pushover  curves  are  often  represented  as  a 
roof  displacement  versus  a  total  base  shear.  These  units  are  not  compatible  with  the  units  of 
HAZUS-MH  MR2  building  fragilities  (in  units  of  spectral  displacement,  Sd)  and  must  be 
converted  according  to  the  following: 


a\ 
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Equation  (3)  converts  base  shear  into  spectral  acceleration  while  equation  (5)  converts  roof 
displacement  into  spectral  displacement.  Parameters  ai  and  PFi  are  provided  in  equations  (4)  and 
(6),  respectively.  In  these  equations,  Wj  denotes  the  weight  of  a  single  story,  and  tpu  denotes  the 
value  of  the  fundamental  mode  shape  at  story  i.  Please  refer  to  the  Applied  Technology  Council 
Report,  ATC-40,  from  1996  for  further  information  on  this  procedure. 

The  HAZUS-MH  MR2  procedure  for  constructing  capacity  curves  does  not  rely  on  analytical 
models,  but  rather  uses  the  following  parameters: 

•  Cs  is  the  design  strength  coefficient  (fraction  of  building’s  weight) 

•  Te  is  the  expected  ‘elastic’  fundamental-mode  period  of  the  building  (seconds) 

•  a;  is  the  fraction  of  building  weight  effective  against  the  pushover  mode 

•  y  is  the  ‘over-strength’  factor  relating  ‘true’  yield  strength  to  design  strength 

•  X  is  the  ‘over-strength’  factor  relating  ultimate  strength  to  yield  strength 

•  n  is  the  ‘ductility’  ratio  relating  ultimate  displacement  to  X  times  the  yield 
displacement 

The  first  two  parameters  are  determined  using  1994  NEHRP  Provisions,  while  the  remaining 
parameters  rely  on  the  best  estimates  of  typical  design  properties.  These  parameters  can  be  found 
in  Tables  5.4,  5.5  and  5.6  of  the  HAZUS-MH  MR2  Technical  Manual,  Chapter  5. 

The  control  points,  or  yield  and  ultimate  points,  can  be  determined  using  the  equations  provided 
in  Figure  3,  and  capacity  curves  can  be  constructed  from  these  points.  The  relationship  between 
spectral  acceleration  and  displacement  is  constant  until  the  yield  point.  After  the  ultimate  point, 
spectral  acceleration  is  constant,  and  this  region  is  connected  to  the  linear  portion  with  a 
nonlinear  relationship  between  spectral  values. 
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Figure  3:  Derivation  of  Capacity  Curves 


Threshold  values  for  each  of  the  damage  states  are  determined  using  the  capacity  curves  and  the 
NEHRP  Guidelines  in  FEMA  273  (1997).  The  following  engineering  criteria  are  established  for 
different  design  levels  and  heights  of  the  same  construction  type: 

•  Values  of  the  drift  ratio  that  define  Complete  damage  to  Moderate-Code  buildings 
are  assumed  to  be  75%  of  the  drift  ratio  that  define  Complete  damage  to  High- 
Code  buildings,  and  values  of  the  drift  ratio  that  define  Complete  damage  to  Low- 
Code  buildings  are  assumed  to  be  63%  of  the  drift  ratios  that  define  Complete 
damage  to  High-Code  buildings.  Values  of  drift  ratio  that  define  Slight  damage 
were  assumed  to  be  the  same  for  High-Moderate-Low-Code  buildings,  given  that 
this  damage  state  typically  does  not  exceed  the  building’s  elastic  capacity.  For 
each  damage  state,  the  drift  ratio  of  a  Pre-Code  building  is  of  the  same  building 
type. 

•  For  all  damage  states,  drift  ratios  for  mid-rise  buildings  are  assumed  to  be  67%  of 
those  for  low-code  buildings  of  the  same  type,  and  drift  ratios  for  high-rise 
buildings  are  assumed  to  be  50%  of  those  of  low-rise  buildings  of  the  same  type. 
Drift  values  can  be  converted  to  spectral  displacement  values  using  equation  (5). 
An  example  showing  the  locations  of  damage  state  thresholds  on  the  capacity 
curves  is  shown  in  Figure  4. 
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Figure  4:  Capacity  Curves  and  Damage  State  Thresholds  for  the  Building  Type  W1 


The  total  uncertainty,  (3tot,  is  required  to  draw  the  fragility  curves  for  each  building  type.  This 
parameter  is  required  for  each  damage  state  and  is  given  by  the  following  equation: 

Pro,  =  dcOV^cAf+lAs)2)  P) 

Where  Pc  =  the  lognormal  standard  deviation  parameter  that  describes  the  total 
variability  of  the  capacity  curve 

Pd  =  the  lognormal  standard  deviation  parameter  that  describes  the  variability 
of  the  demand  spectrum 

Pls  =  the  lognormal  standard  deviation  parameter  that  describes  the 

uncertainty  in  the  estimate  of  the  median  value  of  the  threshold  of 
the  associated  structural  damage  state 

The  Pc  term  is  set  to  0.25  for  all  code-level  buildings  and  0.3  for  pre-code  buildings.  The  pLs 
term  is  set  to  0.4  of  all  structural  damage  states  and  building  types.  The  Pd  term  is  set  to  0.45  for 
short  periods  and  0.5  for  long  periods.  The  term  CON V[pc,  Pd]  indicates  the  convolution  of  the 
uncertainty  associated  with  the  capacity  and  demand  terms.  This  process  is  required  to  combine 
the  uncertainty  in  capacity  and  demand  as  they  are  not  independent  of  each  other.  This  means 
that  a  change  in  capacity  affects  the  demand  imposed,  and  the  demand  imposed  on  the  structure 
affects  the  capacity  (for  non-linear  analysis). 

The  convolution  process  permits  the  determination  of  building  performance  when  subjected  to 
ground  motion.  This  is  accomplished  with  the  capacity  spectrum  method  (CSM),  a  non-linear 
static  analysis  procedure.  The  documentation  of  this  procedure  can  be  found  in  Freeman  et  al 
(1975),  Freeman  (1978),  and  later  in  ATC-40  (1996)  and  FEMA  274  (1997).  HAZUS-MH  MR2 
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uses  an  iterative  process  with  capacity  and  demand  curves  to  find  the  performance  point.  As  an 
example,  fragility  curves  for  W 1  (including  the  seismic  design  level)  are  shown  in  Figure  5. 


HAZUS  Fragility  Curves  for  W1  Building  Type 


Figure  5:  Fragility  Curves  for  W1  Buildings 


Though  not  explained  herein,  the  remaining  inventory  types  utilize  the  default  fragilities  in 
FIAZUS-MH  MR2.  All  fragility  parameters  for  the  remaining  inventory  types  can  be  found  in 
the  HAZUS-MFI  MR2  Technical  Manual.  Updating  fragilities  will  be  a  major  component  of  all 
Regional  level  analyses,  particularly  focusing  on  wood  frame  building  fragilities  and  bridge 
fragilities. 
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Appendix  IV:  Earthquake  Impact  Assessment  Methodology 


The  earthquake  impact  assessment  completed  by  the  Mid-America  Earthquake  Center  and  the 
George  Washington  University  exclusively  uses  HAZUS-MH  MR2  (future  analyses  will  employ 
HAZUS  and  MAEviz,  the  MAE  Center  advanced  impact  assessment,  management  and  decision¬ 
making  software  package).  HAZUS-MH  MR2  was  developed  by  the  Federal  Emergency 
Management  Agency  (FEMA)  and  the  National  Institute  of  Building  Sciences  (NIBS). 
Originally  designed  for  mitigation  purposes,  the  software  is  now  used  for  response  planning, 
emergency  managers,  building  officials,  local  governments,  insurance  agencies,  and  research 
institutions.  There  are  numerous  methods  of  refining  an  analysis  in  HAZUS-MH  MR2,  and  each 
user  must  determine  the  level  of  refinement  and  accuracy  that  is  required  for  the  analysis 
undertaken. 

In  general,  an  analysis  requires  three  primary  components:  hazard,  inventory,  and  fragility. 
Hazard  definition  consists  not  only  of  ground  shaking  but  also  ground  deformation.  Inventory 
includes  all  relevant  infrastructure  types,  their  locations,  building  types,  and  replacement  costs. 
Finally,  fragility  relates  the  level  of  ground  shaking  to  a  likelihood  of  specific  severity  levels  of 
damage.  Each  of  these  components  is  detailed  in  other  appendices  in  this  report.  Please  consult 
these  appendices  for  more  information  on  hazard,  inventory,  and  fragility.  This  comprises  the 
direct  infrastructure  damage  in  a  region  of  interest.  The  direct  damage  calculations  are  then  used 
to  determine  both  direct  and  indirect  induced  damage,  social  impacts,  and  economic  losses. 


Level  of  Analysis  in  HAZUS-MH  MR2 

A  Level  I  analysis  is  the  most  basic  form  of  analysis  in  HAZUS-MH  MR2.  This  type  of  analysis 
can  be  run  without  any  improvements  to  the  program  itself  or  improvements  to  the  inventory 
included  with  the  program.  Once  a  region  of  interest  is  chosen,  the  definition  of  hazard  is  chosen 
from  the  options  provided  in  the  program.  A  hazard  may  be  deterministic  or  probabilistic.  A 
detenninistic  hazard  refers  to  a  single  event  from  which  damage  estimates  are  generated.  A 
probabilistic  hazard  requires  a  return  period  and  magnitude  for  the  desired  earthquake.  Results 
are  provided  in  terms  of  annualized  losses  instead  of  total  losses  from  an  event.  The  deterministic 
hazard  is  utilized  exclusively  in  this  report.  There  are  several  methods  available  in  HAZUS-MH 
MR2  for  a  Level  1  hazard  definition,  including  an  arbitrary  event  in  which  magnitude  and  depth 
to  the  epicenter  are  specified  and  a  historical  event  from  the  database  is  provided  in  the  program. 
This  level  of  analysis  does  not  consider  the  effects  of  soil  amplification  and  ground  deformation. 
Neither  inventory  updates  nor  improvements  to  fragility  relationships  are  required. 

Various  improvements  are  required  to  run  a  Level  II  analysis.  Some  improvement  to  the  hazard 
is  one  critical  facet  of  a  Level  II  analysis.  This  includes  such  steps  as  improving  the  method  of 
defining  ground  motion,  the  addition  of  soil  amplification,  the  addition  of  liquefaction 
susceptibility  to  model  ground  defonnation,  and  landslide  susceptibility.  Inventory 
improvements  are  also  required  and  may  include  updates  to  critical  facilities  such  as  schools, 
hospitals,  bridges,  and  utility  facilities  and  networks,  or  the  updating  of  demographic  data. 
Updates  to  fragility  functions  are  also  classified  as  Level  II  improvements.  It  would  be  difficult 
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to  update  all  fragilities  to  all  infrastructure  types,  due  to  the  general  lack  of  research  in  some 
areas.  Buildings,  bridges,  and  certain  utility  networks  are  common  in  the  literature  and  may  be 
the  easiest  to  locate  and  update  in  HAZUS-MH  MR2. 

The  most  advanced  analysis  in  HAZUS-MH  MR2  is  a  Level  II  analysis.  This  type  of  analysis 
requires  more  time  and  effort  to  complete.  Detailed  engineering  and  economic  loss  studies  may 
be  completed.  Site-specific  investigations  are  also  recommended  at  this  stage  of  refinement.  The 
use  of  the  Advanced  Engineering  Building  Module  (AEBM)  is  available  to  import  and  assess 
damage  for  new  types  of  buildings.  Very  few  earthquake  impact  assessments  reach  this  level  of 
analysis,  due  to  the  time  required.  An  example  of  an  AEBM  analysis  was  undertaken  by  Erberik 
and  Elnashai  (2006)  for  flat  slab  structures,  a  system  that  is  not  featured  in  the  HAZUS  building 
types. 


HAZUS-MH  MR2  Modules 

The  earthquake  impact  assessment  in  HAZUS-MH  MR2  is  carried  out  in  numerous  steps,  or 
modules.  Each  type  of  damage,  loss,  or  impact  calculation  generally  has  its  own  module.  Many 
of  the  modules  used  in  HAZUS-MH  MR2  are  detailed  in  the  following  discussion.  It  is  possible 
for  a  user  to  select  only  certain  modules  in  a  specific  analysis.  For  a  comprehensive  assessment, 
however,  all  modules  are  recommended.  This  includes  all  damage  and  losses  for  buildings, 
transportation  and  utility  systems,  as  well  as  induced  damage  and  social  impacts. 


Figure  1:  HAZUS-MH  MR2  Earthquake  Impact  Assessment  Methodology 
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Potential  Earth  Science  Hazard  Module 


The  potential  earth  science  hazard  module  includes  the  estimation  of  ground  motion  and  ground 
failure,  including  liquefaction,  landslides,  and  surface  fault  rupture.  A  minimum  definition  of 
hazard  requires  that  the  level  of  shaking  be  quantified  over  the  entire  region  of  interest, 
expressed  as  peak  ground  motion  parameters  (acceleration,  velocity,  and  displacement).  The 
hazard  may  also  be  expressed  as  peak  response  of  simple  structures  (peak  spectral  values:  peak 
spectral  acceleration,  velocity,  and  displacement).  Attenuation  relationships  are  the  simplest 
method  for  detennining  ground  motion  and  modeling  a  point-source  event.  Line-source 
modeling  involves  the  rupture  of  an  entire  fault  segment  and  may  account  for  directionality  of 
fault  rupture  in  the  estimation  of  ground  motion.  By  including  more  aspects  of  ground  motion, 
line-source  modeling  is  preferred  to  a  more  simplified  point-source  model.  Area  source  models 
also  exist,  and  require  considerable  knowledge  of  the  tectonic  environment  and  mapping  of  fault 
geometry  and  likely  mechanisms  of  rupture.  For  user-supplied  ground  motion,  the  internal 
ground  motion  calculation  is  not  considered. 

Ground  failure  parameters,  such  as  liquefaction  susceptibility,  are  culled  from  maps.  Soil 
amplification  is  used  to  adjust  the  ground  motion  for  local  soil  conditions.  For  example,  soft  soil 
deposits  are  likely  to  filter  short  period  vibrations  and  amplify  long  period  shaking,  thus 
increasing  the  likelihood  of  damage  to  long  period  structures,  such  as  high-rise  buildings  and 
long-span  bridges.  Liquefaction  susceptibility  refers  to  the  change  in  phase  of  partially  saturated 
soil  deposits  that  may  completely  lose  cohesion  during  prolonged  shaking.  This  results  in 
pennanent  ground  deformations  such  as  lateral  spreading  and  settlement,  both  of  which  increase 
the  likelihood  of  damage  to  infrastructure.  Landslide  susceptibility  is  included  in  earthquake 
impact  assessments  in  order  to  define  the  likelihood  of  inclined  deposits  sliding  during  or  shortly 
after  earthquakes. 


Inventory  Module 

The  inventory  utilized  in  HAZUS-MH  MR2  includes  the  general  building  stock,  essential 
facilities,  transportation  lifelines,  utility  lifelines,  and  high  potential-loss  facilities.  The  general 
building  stock  is  not  a  collection  of  individual  buildings  but  rather  an  estimated  value  of 
buildings  in  a  given  census  tract.  These  estimates  are  based  on  population  demographics,  which 
factor  into  estimates  of  building  counts  and  building  uses.  Building  occupancy  classes  are  used 
to  categorize  buildings  by  use.  There  are  33  occupancy  classes  in  HAZUS-MH  MR2  and  36 
building  types  that  categorize  the  structural  system  used  in  buildings.  For  more  infonnation  on 
building  types  and  occupancy  classes,  please  refer  to  the  HAZUS-MH  MR2  Technical  Manual, 
Chapter  5.  In  addition,  square  footage  estimates  are  provided  at  the  census  tract  level  for  the 
general  building  stock. 

Critical  facilities  are  included  in  the  inventory  module  as  individual  data  items.  Critical  facilities 
include  essential  facilities  such  as  schools,  emergency  operation  centers,  hospitals,  police 
stations  and  fire  stations.  Transportation  lifelines  include  highway  bridges  and  roads,  railway 
bridges,  facilities  and  tracks,  airports,  bus  tenninals,  ports,  and  ferry  facilities.  Utility  lifelines 
include  waste  water  facilities  and  local  distribution  networks,  potable  water  facilities  and  local 
distribution  networks,  natural  gas  facilities  and  local  networks,  as  well  as  oil,  electric  power,  and 
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communication  facilities.  For  some  levels  of  analysis,  regional  distribution  networks  may  be 
added. 


Direct  Damage  Module 

The  direct  damage  module  uses  the  inventory  and  the  potential  earth  science  hazard  to  estimate 
damage  for  each  inventory  component.  The  damage  results  are  given  as  a  probability  of  reaching 
each  of  the  four  damage  states:  slight,  moderate,  extensive,  and  complete.  The  damage  for  each 
inventory  item  is  described  by  a  fragility  (or  vulnerability)  function,  which  indicates  the 
probability  of  damage  based  on  an  input  ground  motion  hazard  parameter.  Both  structural  and 
nonstructural  damage  are  approximated  for  the  general  building  stock. 


Induced  Damage  Module 

The  induced  damage  modules  available  in  HAZUS-MH  MR2  include  debris  generation,  fire 
following  earthquake,  and  inundation  from  dam  failure.  Dam  failure  and  inundation  are  not 
included  in  this  report  due  to  the  lack  of  inundation  maps  available.  The  fire  following 
earthquake  (FFE)  estimates  are  not  reported  since  the  model  for  FFE  is  not  regionally 
appropriate.  The  model  was  developed  for  an  urban  area,  which  is  dissimilar  to  much  of  the 
NMSZ.  Additionally,  the  module  tends  to  produce  fire  ignitions  in  areas  of  high  building  density 
even  if  shaking  and  damage  are  non-existent  and  considered  erroneous.  The  debris  generation 
module  is  the  only  induced  damage  module  utilized  in  this  report  and  is  detennined  based  on 
building  square  footage  in  a  census  tract. 


Direct  Social  Loss  Module 

This  module  includes  estimates  of  casualties,  displaced  households,  and  temporary  shelter 
requirements.  Casualty  estimates  are  generated  for  three  times  of  day:  2:00  AM,  2:00  PM  and 
5:00  PM.  These  times  of  day  are  designed  to  represent  various  population  locations,  meaning 
when  people  are  at  home  sleeping,  at  work,  and  commuting.  Casualty  estimates  are  divided  into 
four  severity  levels  as  follows,  along  with  Simple  Triage  and  Rapid  Treatment  (START) 
classifications: 


•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical  attention  but 
hospitalization  is  not  needed;  injuries  should  be  rechecked  frequently 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can  become  life 
threatening  if  not  promptly  treated 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake 

Casualties  estimated  are  based  on  structural  and  nonstructural  damage  to  buildings  and  do  not 
consider  induced  damage  caused  by  fire,  car  accidents,  or  other  medical  problems  such  as  heart 
attacks  related  to  stress.  Casualties  from  secondary  hazards  are  not  considered  and  may  include 
landslides,  tsunamis,  and  dam  failures.  The  HAZUS-MH  MR2  casualty  model  classifies  three 
different  types  of  data: 
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•  Scenario  Time  Definition 

•  Data  Supplied  by  Other  Modules 

•  Data  Specific  to  the  Casualty  Module 

The  first  item  accounts  for  the  distribution  of  the  population  at  the  three  different  times  of  day: 
2:00  AM,  2:00  PM,  and  5:00  PM.  In  general,  casualties  are  expected  to  be  greatest  when  an 
earthquake  occurs  during  the  night,  when  people  are  home  in  bed.  This  is  not  always  the  case, 
however,  as  is  shown  in  some  state  analyses  in  this  report. 

The  data  supplied  by  other  modules  includes  population  distribution  data,  building  stock 
inventory,  and  damage  probabilities.  The  population  distribution  data  is  taken  from  the  U.S. 
Census  Bureau  and  from  Dun  and  Bradstreet  business  data.  The  population  is  then  divided  into 
six  categories,  in  which  population  percentages  vary  throughout  the  day: 

1)  Residential  Population 

2)  Commercial  Population 

3)  Educational  Population 

4)  Industrial  Population 

5)  Commuting  Population 

6)  Hotel  Population 

Additionally,  casualties  are  divided  into  categories  for  indoor  and  outdoor  casualties.  The  basic 
framework  for  indoor  casualties  is  shown  in  Figure  2.  This  model  integrates  various  casualty 
severity  levels  with  the  occupancy  types  in  HAZUS-MH  MR2.  A  similar  framework  exists  for 
outdoor  casualties,  though  it  is  not  shown  here.  Indoor  and  outdoor  casualties  are  combined  for  a 
total  estimate  of  casualties. 
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Displaced  Households 

The  estimation  of  displaced  households  takes  into  consideration  occupancy  classes  for  residential 
buildings.  While  HAZUS-MH  MR2  classifies  residential  buildings  by  the  occupancy  classes 
shown  in  Table  1,  only  RES1  and  RES3  classes  are  considered  in  the  calculation  of  displaced 
households. 


Table  1:  HAZUS-MH  MR2  Residential  Building  Types 


RES1 

Single  Family  Dwelling 

RES2 

Mobile  Home 

RES3A 

Multi  Family  Dwelling  -  Duplex 

RES3B 

Multi  Family  Dwelling  -  3-4  Units 

RES3C 

Multi  Family  Dwelling  -  5-9  Units 

RES3D 

Multi  Family  Dwelling  -  10-19  Units 

RES3E 

Multi  Family  Dwelling  -  20-49  Units 

RES3F 

Multi  Family  Dwelling  -  50+  Units 

RES4 

Temporary  Lodging 

RES5 

Institutional  Dormitory 

RES6 

Nursing  Home 

The  HAZUS-MH  MR2  technical  manual  provides  the  following  fonnulas  for  the  calculation  of 
Displaced  Households.  Table  2  provides  the  definition  of  the  variables  used  in  the  formulas. 


SF%  =  wsfmSFM%  +  wsfeSFE%  +  SFC% 
MF%  wmfmMFM%  +  WmfeMFE%+MFC% 


DH# 


{SF#SF% 


+  MF#MF% 


sf#+mf# ) 


1  Examination  of  the  outputs  for  displaced  population  found  that  the  calculations  being  performed  within  HAZUS- 
MH  MR2  were  incorrect  due  to  errors  in  the  software.  This  is  currently  being  corrected  in  the  next  release  of  the 
software.  To  calculate  these  estimates  for  the  scenarios  discussed  in  this  report,  we  combined  the  damage  estimates 
and  population  estimates  from  HAZUS-MH  MR2  and  utilized  the  HAZUS-MH  MR2  methodology  to  derive  the 
number  of  displaced  people. 
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Table  2:  Definition  of  Variables  Used  in  Displaced  Household  Calculations 


SFU# 

Total  Number  of  Single-Family  Dwelling  Units 

MFU# 

Total  Number  of  Multi-Family  Dwelling  Units 

HH# 

Total  Number  of  Households 

SFM% 

Damage  state  probability  for  moderate  structural  damage  in  the  single-family 
residential  occupancy  class 

SF% 

Damage  state  probability  for  extensive  structural  damage  state  in  the  single-family 
residential  occupancy  class 

SFC% 

Damage  state  probability  for  complete  structural  damage  state  in  the  single-family 
residential  occupancy  class 

MFM% 

Damage  state  probability  for  moderate  structural  damage  state  in  the  multi-  family 
residential  occupancy  class 

MFE% 

Damage  state  probability  for  extensive  structural  damage  state  in  the  multi-  family 
residential  occupancy  class 

MFC% 

Damage  state  probability  for  complete  structural  damage  state  in  the  multi-  family 
residential  occupancy  class 

HAZUS-MH  MR2  calculates  the  damage  probabilities  based  on  structural  building  type  and  not 
occupancy  class.  HAZUS-MH  MR2  then  uses  these  structural  damage  probabilities,  along  with 
occupancy  mapping  (which  structural  building  types  are  used  for  specific  occupancy  classes, 
including  percentage),  to  calculate  the  number  of  damaged  buildings  per  occupancy  class.  These 
in  turn  can  be  used  to  calculate  the  damage  probabilities  for  the  occupancy  classes.  For 
multifamily  housing  there  is  no  data  on  average  occupancy  rates  available.  The  classification  of 
the  RES3  classes  provides  ranges  for  the  units  in  a  dwelling;  therefore  the  mappings  in  Table  3 
were  used  in  the  calculations. 


Table  3:  Mapping  of  Residential  Building  Type  to  Number  of  Units 


Type 

Description 

Units 

RES1 

Single  Family  Dwelling 

1 

RES2 

Mobile  Home 

1 

RES3A 

Multi  Family  Dwelling  -  Duplex 

2 

RES3B 

Multi  Family  Dwelling  -  3-4  Units 

4 

RES3C 

Multi  Family  Dwelling  -  5-9  Units 

7 

RES3D 

Multi  Family  Dwelling  -  10-19  Units 

15 

RES3E 

Multi  Family  Dwelling  -  20-49  Units 

35 

RES3F 

Multi  Family  Dwelling  -  50+  Units 

75 
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The  following  damage  weight  factors  provided  by  HAZUS-MH  MR2  were  also  utilized. 

•  100%  of  the  households  living  in  completely  damaged  RES1  and  RES2  buildings  are 
considered  displaced 

•  100%  of  the  households  living  in  completely  damaged  RES3  buildings  are  considered 
displaced 

•  90%  of  the  households  living  in  extensively  damaged  RES3  buildings  are  considered 
displaced 

•  All  other  households  will  not  seek  shelter 

2 

Shelter  Requirements 

The  HAZUS-MH  MR2  methodology  is  based  on  the  following  formula: 


i= 1  7=1  k=l  1=1 


a 


ijkl 


f  DH„POP  ' 

mi. 


nLHE.no,  HA, 


aijkl  =  ( IW  *  IMt )  +  (EW  *  EMj  )  +  (OW*  OMk  )  +  (AW*  AM, ) 


2  Examination  of  the  outputs  for  shelter  seeking  population  found  that  the  calculations  being  performed  within 
HAZUS-MH  MR2  were  incorrect  due  to  errors  in  the  software.  This  is  currently  being  corrected  in  the  next  release 
of  the  software.  To  calculate  these  estimates  for  the  scenarios  discussed  in  this  report,  we  combined  the  damage 
estimates  and  population  estimates  from  HAZUS-MH  MR2  and  utilized  the  HAZUS-MH  MR2  methodology  to 
derive  the  number  of  shelter  seeking  people. 

3  All  weights  relevant  for  the  CCijkl  calculations  are  given  in  the  HAZUS-MH  MR2  Technical  Manual  and  are  also 
listed  in  this  appendix. 
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Table  4  provides  a  definition  of  the  variables  used  in  the  above  fonnula. 


Table  4:  Definition  of  Variables  Used  in  Shelter  Seeking  Population  Calculations 


POP 

Number  of  people  in  census  tract 

HH# 

Number  of  Households 

HI  i 

Percentage  of  households  whose  income  is  under  $10,000 

HP 

Percentage  of  households  whose  income  is  $10,001  to  $15,000 

HP 

Percentage  of  households  whose  income  is  $15,001  to  $25,000 

HP 

Percentage  of  households  whose  income  is  $25,001  to  $35,000 

Hh 

Percentage  of  households  whose  income  is  over  $35,000 

HE\ 

Percentage  of  white  households 

he2 

Percentage  of  black  households 

HE 3 

Percentage  of  Hispanic  households 

he4 

Percentage  of  Native  American  households 

he5 

Percentage  of  Asian  households 

HO\ 

Percentage  of  households  owned  by  householder 

ho2 

Percentage  of  households  rented  by  householder 

HA  i 

Percentage  of  population  under  16  years  old 

ha2 

Percentage  of  population  between  16  and  65  years  old 

HA 3 

Percentage  of  population  over  65  years  old 

HR 

Percentage  of  population  in  the  /lh  income  class 

HE j 

Percentage  of  population  in  the  jth  ethnic  class 

HOk 

Percentage  of  population  in  the  kth  ownership  class 

HA\ 

Percentage  of  population  in  the  /th  age  class 

STP% 

Number  of  people  requiring  short  tenn  housing 

The  number  of  shelter  seeking  population  is  solely  based  on  displaced  persons  due  to  structural 
damage.  Severe  damage  to  lifeline  systems  such  as  water  and  electricity  might  also  add  to  the 
shelter  population.  In  addition,  the  consecutive  planning  numbers  do  not  consider  severe  damage 
to  lifeline  systems.  All  calculations  are  performed  on  census  tract  level  using  the  Census  2000 
data  provided  by  HAZUS-MH  MR2.  Once  calculated  on  the  tract  level,  the  results  are 
aggregated  on  county  level. 

The  calculation  of  the  shelter  seeking  population  takes  into  consideration  -  among  other  factors  - 
ethnicity,  income,  and  age.  The  corresponding  factors  from  the  shelter  algorithm  are  then  used 
along  with  census  data  to  calculate  the  ethnic,  income,  and  age  distribution  for  the  calculated 
number  of  shelter  seeking  people.  This  may  drive  different  planning  assumptions.  For  example, 
planners  might  want  to  plan  differently  if  90%  of  the  shelter  seeking  population  is  of  low  income. 
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HAZUS-MH  MR2  Parameters  for  Calculating  Shelter  Requirements  and  Displaced  Households 


Table  5:  Demographic  Weight  Factors 


Weight  Factor 

Description 

Importance  Factor 

AW 

Age  Weighting  Factor 

0 

EW 

Ethnic  Weighting  Factor 

0.27 

IW 

Income  Weighting  Factor 

0.73 

ow 

Ownership  Weighting  Factor 

0 

Table  6:  Demographic  Modification  Factors 


Class 

Description 

Factor 

AMi 

Population  Under  16  Years  Old 

0.4 

am2 

Population  Between  16  and  65  Years  Old 

0.4 

am3 

Population  Over  65  Years  Old 

0.4 

EMj 

White 

0.24 

em2 

Black 

0.48 

em3 

Hispanic 

0.47 

em4 

Asian 

0.26 

EM5 

Native  American 

0.26 

IM, 

Household  Income  <  $10000 

0.62 

im2 

$10000  <  Household  Income  <  $15000 

0.42 

im3 

$15000  <  Household  Income  <  $25000 

0.29 

im4 

$25000  <  Household  Income  <  $35000 

0.22 

IMs 

$35000  <  Household  Income 

0.13 

OMj 

Owner  Occupied  Dwelling 

0.4 

om2 

Renter  Occupied  Dwelling 

0.4 
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Table  7:  Damage  State  Factors 


Class 

Description 

Value 

WMFC 

Weight  for  Multi-Family  Dwelling  -  Complete  Damage 

1 

WMFE 

Weight  for  Multi-Family  Dwelling  -  Extensive  Damage 

0.9 

WmFM 

Weight  for  Multi-Family  Dwelling  -  Moderate  Damage 

0 

WSFC 

Weight  for  Single  Family  Dwelling  -  Complete  Damage 

1 

WSFE 

Weight  for  Single  Family  Dwelling  -  Extensive  Damage 

0 

WSFM 

Weight  for  Single  Family  Dwelling  -  Moderate  Damage 

0 

Needs  Assessments  for  Shelter  Planning 

The  estimated  shelter  seeking  population  is  used  to  calculate  the  hazard  generated  demand  for 
shelter  planning.  Again,  these  numbers  consider  only  shelter  seeking  population  due  to  structural 
damage.  Needs  assessments  are  provided  for  the  following  three  planning  periods:  day  1,  days  1- 
3,  and  days  1-7.  The  peak  shelter  population  estimate  is  used  to  calculate  the  assessments  for  all 
three  periods.  The  following  sections  explain  the  calculation  parameters. 

Table  8  provides  the  default  requirements,  values,  and  source  of  the  value  used  in  the 
calculations.  Note:  The  default  values  can  be  changed  for  comparison  purposes. 
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Table  8:  Needs  Assessments  for  Shelter  Seeking  Population 


Shelter  space  total 

Water 

•  480  square  foot  per  person  (this  includes  space  for 

Drinking  water: 

all  shelter  related  infrastructure) 

•  1  gallon  per  person  per  day 

•  Source:  The  Sphere  Project  (2004) 

•  Source:  Sphere,  Abou-Samra,  USAGE 
(2005) 

Sleeping  space 

Water  for  washing  and  personal  hygiene: 

•  60  square  foot  per  person 

•  2  gallon  per  person  per  day 

•  Source:  The  Sphere  Project  (2004),  Abou-Samra 

•  Source:  The  Sphere  Project  (2004) 

Other  water  requirements  (e.g.  cooking,  etc.): 

Cots  and  Blankets 

•  1  per  person 

•  2  gallon  per  person  per  day 

•  Source:  The  Sphere  Project  (2004) 

Calculation  of  truck  loads 

•  Source:  The  Sphere  Project  (2004),  Abou-Samra 

•  4750  gallons  per  truck  load 

Toilets 

•  Source:  USAGE  (2005) 

Toilets 

Food 

•  1  toilet  per  40  persons 

Estimated  Calories 

•  Source:  The  Sphere  Project  (2004) 

•  2,000  Calories  per  person  day 

Sinks 

•  Source:  National  Research  Council 

(1989) 

•  1  per  80  persons 

Fresh  Food  (if  calories  are  provided  by  fresh  food) 

•  Source:  The  Sphere  Project  (2004) 

•  3  pounds  per  person  per  day 

•  Source:  The  Sphere  Project  (2004) 

Garbage 

MRE: 

Refuse  Containers  (30  gallon  containers) 

•  2  MRE  per  person  per  day 

•  1  for  every  50  persons 

•  Source:  USAGE  (2005) 

•  Source:  Abou-Samra,  The  Sphere  Project  (2004) 

Truck  loads  for  MRE 

•  21744  MRE  per  truck  load 

Ice 

•  8  pounds  of  ice  per  person  ( 1  bag) 

•  Source:  USAGE  (2005) 

Calculation  of  truck  loads 

•  5,000  bags  /  40,000  pounds  per  truck 

•  Source:  USAGE  (2005) 

•  Source:  USAGE  (2005) 

Shelter  staffing  requirements  are  highly  dependent  on  the  size  of  the  shelters  and  other  planning 
numbers.  For  these  calculations,  we  assume  an  average  shelter  size  of  200  people.  The  ARC  uses 
detailed  staffing  algorithms  to  estimate  personnel  needs.  Here,  we  simply  use  averaged  numbers 
based  on  the  ARC  calculations  for  a  200  person  shelter.  The  calculated  number  includes 
personnel  on  different  levels  (from  management  to  manual  labor). 

•  Staff  to  run  shelters:  10  people 

•  Staff  to  feed  people:  4  people 

•  Staff  for  bulk  distribution:  8  people 

An  estimation  of  the  number  of  displaced  people  with  the  seven  most  prevalent  chronic  illnesses 
is  also  calculated.  By  combining  estimates  of  the  displaced  population  and  the  prevalence  of 
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chronic  conditions  within  a  state  (DeVol  &  Bedroussian,  2007),  an  estimation  of  the  chronic 
cases  of  cancer,  diabetes,  heart  disease,  hypertension,  stroke,  mental  disorders,  and  pulmonary 
conditions  was  calculated.  This  estimate  gives  planners  an  approximation  of  the  chronic  cases 
that  need  to  be  cared  for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer 
from  more  than  one  condition. 


Direct  Economic  Loss  Module 

Direct  economic  losses  are  the  economic  impacts  that  result  fonn  direct  damage  to  infrastructure. 
Each  of  the  three  main  infrastructure  categories  has  direct  economic  loss  estimates:  buildings, 
transportation  lifelines,  and  utility  lifelines.  Building  losses  include  structural  and  nonstructural 
losses,  contents  losses,  and  various  other  capital  and  business  interruption  losses.  Transportation 
and  utility  lifelines  include  losses  of  infrastructure  value  only.  No  capital  stock  or  business 
interruption  losses  are  considered.  There  is  a  module  for  indirect  economic  losses  that  results 
from  a  lack  of  service  and  operational  capabilities  of  businesses,  in  terms  of  employment  and 
dollar  value,  though  this  is  not  included  in  this  report. 
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Appendix  V:  Detailed  Earthquake  Impact  Assessment 
Results 


The  results  presented  in  this  appendix  are  a  more  comprehensive  account  of  the 
information  contained  in  the  main  body  of  this  report.  Each  state  is  discussed  individually 
and  results  are  not  summed  over  all  states  because  different  scenarios  are  employed  for 
each.  Only  damage  and  functionality  losses  experienced  by  infrastructure  are  explained 
herein.  All  social  and  economic  losses  caused  by  damage  to  infrastructure  are  dealt  with 
in  appendix  VI.  Damage  and  loss  of  functionality  are  shown  for  both  critical  counties  and 
statewide  totals.  Building  damage  is  detailed  by  occupancy  class.  Essential  facilities 
damage  and  functionality  loss  are  shown  for  all  facility  types.  Transportation  lifeline 
impacts  are  illustrated  for  bridges  primarily,  though  other  critical  transportation 
infrastructure  types  are  included.  Utility  lifelines  damage  is  illustrated  with  facility  and 
network  damage  figures.  Maps  of  damage  and  functionality  of  various  infrastructure 
components  are  not  illustrated  here,  though  are  presented  in  another  appendix.  Numerous 
tables  are  provided  to  illustrate  damage  and  functionality  levels  of  various  infrastructure 
items  in  each  state.  Additionally,  damage  and  functionality  results  for  both  scenarios  in 
Alabama  and  Indiana  are  presented  herein. 
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Alabama  -  New  Madrid  Seismic  Zone  Scenario 


This  earthquake  impact  assessment  includes  all  67  counties  in  the  State  of  Alabama. 
Alabama  is  approximately  51,700  square  miles  and  is  bordered  by  Tennessee  to  the  north, 
Florida  and  the  Gulf  of  Mexico  to  the  south,  Georgia  to  the  east  and  Mississippi  to  the 
west.  For  the  purposes  of  this  analysis,  12  critical  counties  have  been  identified  in  the 
northwestern  portion  of  the  state  where  shaking  is  anticipated  to  be  most  intense.  These 
critical  counties  are  listed  and  are  a  primary  focus  in  this  impact  assessment: 


•  Colbert 

•  Cullman 

•  Fayette 

•  Franklin 


•  Lamar 

•  Lauderdale 

•  Lawrence 

•  Limestone 


•  Marion 

•  Morgan 

•  Walker 

•  Winston 


The  New  Madrid  Seismic  Zone  scenario  for  the  State  of  Alabama  is  comprised  of  a 
magnitude  7.7  (Mw7.7)  event  along  the  southwest  segment  on  the  middle  fault  in  the  New 
Madrid  fault  system.  The  ground  motions  used  to  represent  this  seismic  event  were 
developed  by  the  U.S.  Geological  Survey  (USGS)  for  the  middle  fault  in  the  proposed 
New  Madrid  Seismic  Zone  (NMSZ).  Each  fault  line  is  presumed  to  consist  of  three  fault 
segments;  northeast,  central  and  southwest.  The  worst-case  scenario  for  the  state  of 
Alabama,  the  critical  counties  in  particular,  is  an  event  on  the  eastern  fault  line  in  the 
southwest  segment.  The  location  of  this  scenario  event  is  illustrated  in  Figure  1.  For  more 
information  on  the  hazard  employed  in  this  scenario  please  reference  Appendix  I. 


Figure  1:  Presumed  Seismic  Zone  Boundaries 
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Buildings  in  Alabama  are  classified  in  two  separate  ways  for  damage  estimates;  by 
building  use,  termed  “occupancy,”  and  structure  type/material,  termed  “building  type.” 
Damage  to  Alabama  buildings  is  illustrated  in  Table  1  and  Table  2  for  the  state  and  the 
critical  counties,  respectively,  by  occupancy.  Residential  structures  are  the  most  prevalent 
occupancy  type  in  the  State  of  Alabama  and  also  incur  the  most  cases  of  damage.  Nearly 
98%  of  all  moderate  and  severe  damage  occurs  in  single  family  home  and  ‘other 
residential’  occupancy  categories.  There  are  no  cases  of  complete  damage  which  is 
defined  by  damage  to  critical  structural  connections  and  significant  lateral  displacements 
of  structural  systems.  Cases  of  partial  or  complete  collapse  are  rare,  though  in  most  cases 
result  in  uninhabitable  structures.  Shaking  from  a  New  Madrid  event  is  not  as  intense  as 
in  other  states  closer  to  the  fault  and  damage  in  Alabama,  and  even  the  critical  counties, 
is  not  as  catastrophic  as  a  result.  For  definitions  of  each  damage  level  please  refer 
Appendix  VII. 


Table  1:  Damage  by  General  Occupancy  Type  for  the  State  of  Alabama 


General  Occupancy  Type  Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,303,224 

539 

0 

Other  Residential 

354,031 

5,581 

0 

Commercial 

18,249 

119 

0 

Industrial 

2,048 

20 

0 

Other 

2,014 

9 

0 

Total 

1,679,566 

6,268 

0 

Table  2:  Damage  by  General  Occupancy  Type  for  the  12  Critical  Counties 


General  Occupancy  Type  Damage  (12  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

183,790 

358 

0 

Other  Residential 

57,508 

2,490 

0 

Commercial 

1,630 

57 

0 

Industrial 

293 

13 

0 

Other 

198 

5 

0 

Total 

243,419 

2,923 

0 

Building  damage  is  also  described  by  building  type,  and  in  Alabama  the  most  common 
building  type  is  wood  construction.  Typically  wood  construction  shows  damage  in 
proportion  to  the  quantity  of  wood  buildings,  though  due  to  the  low  level  of  shaking  and 
relative  flexibility  of  wood  frame  structures  a  very  small  proportion  of  Alabama  wood 
frame  buildings  incur  moderate  or  severe  damage.  Roughly  120  of  the  nearly  6,300 
moderate  and  severe  damage  cases  are  wood  frame.  Mobile  homes,  which  represent  a 
much  smaller  portion  of  Alabama  buildings,  less  than  20%,  represent  over  85%  of  the 
moderate  and  severe  damage  cases.  This  equates  to  5,465  moderately  or  severely 
damaged  mobile  homes.  Unreinforced  masonry  (URM)  structures  are  also  vulnerable  to 
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the  moderate  levels  of  shaking  Alabama’s  critical  counties,  in  particular.  Though  URMs 
comprise  only  5%  of  all  Alabama  buildings  they  account  for  roughly  550  moderately  or 
severely  damaged  structures.  Concrete,  steel  and  reinforced  masonry  construction  types 
represent  considerably  fewer  cases  of  damage.  Many  cases  of  damage  occur  in  the  12 
critical  counties,  though  other  northern  Alabama  counties  also  experience  instances  of 
moderate  damage. 


Table  3:  Building  Damage  by  Building  Type  for  State  of  Alabama 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,258,071 

6,679 

120 

0 

0 

Steel 

11,399 

439 

97 

3 

0 

Concrete 

3,156 

100 

23 

0 

0 

Precast 

857 

28 

10 

1 

0 

Reinforced  Masonry 

5,178 

70 

24 

1 

0 

Unreinforced  Masonry 

74,050 

3,436 

506 

18 

0 

Mobile  Home 

278,809 

31,026 

5,417 

48 

0 

Total 

1,631,520 

41,778 

6,197 

71 

0 

Even  the  most  intense  shaking  in  northwestern  Alabama  counties  is  not  severe  enough  to 
generate  many  cases  of  damage  to  essential  facilities.  This  damage  state  is  identified  by 
significant  cracking  to  unreinforced  masonry  walls  as  well  as  some  connection  damage  to 
column/beam  joints  in  unreinforced  masonry  building.  Liquefaction  susceptibility  data 
was  not  available  when  this  scenario  was  completed  and  thus  damage  estimates  may  be 
slightly  lower  than  if  this  liquefaction  data  were  incorporated.  Critical  facilities  remain 
largely  unaffected  by  the  New  Madrid  event  with  no  cases  of  moderate  or  more  severe 
damage  and  very  limited  loss  of  functionality  the  day  after  the  earthquake,  as  shown  in 
Table  4.  These  facilities  will  be  equipped  to  treat  injured  persons  and  provide  emergency 
services  in  the  immediate  aftermath  of  the  earthquake. 


Most  transportation  facilities  remain  undamaged  for  this  NMSZ  event.  Highway  bridges 
and  roadways  show  no  moderate  or  severe  damage  and  no  considerable  loss  of 
functionality  immediately  after  the  event.  The  same  is  true  for  railway  facilities  and  rail 
lines  as  well  as  airports  and  their  respective  runways.  Port  facilities  show  that  38  facilities 
will  not  be  operational  immediately  after  the  earthquake  and  are  likely  to  remain  as  such 
for  at  least  a  week. 
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Table  4:  Essential  Facilities  Damage  &  Functionality1 


Essential  Facilities  Damage  &  Functionality 

Essential 
Facility  Type 

Total  No. 
Facilities 
(State) 

Total  No. 
Facilities 
(12  Critical 
Counties) 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  > 
50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

137 

19 

0 

0 

137 

Schools 

1,870 

270 

0 

0 

1,870 

EOCs 

27 

3 

0 

0 

27 

Police  Stations 

496 

78 

0 

0 

496 

Fire  Stations 

1,388 

250 

0 

0 

1,388 

Table  5:  Damage  to  Highway  Bridges 


Highway  Bridge  Damage  Assessments 

Total  No.  of 
Bridges 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete 

Damage 

(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 

2,366 

0 

0 

2,366 

Remaining  Counties 

12,231 

0 

0 

12,231 

Total  State 

14,597 

0 

0 

14,597 

Table  6:  Damage  to  Airports 


Airport  Damage  Assessments 

Total  No.  of 
Airports 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete 

Damage 

(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 

55 

0 

0 

55 

Remaining  Counties 

414 

0 

0 

414 

Total  State 

469 

0 

0 

469 

1  For  Tables  4-13  in  this  appendix  the  following  method  is  used  to  determine  the  number  of  facilities  in  a 
damage  category.  HAZUS-MH  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level 
(at  least  moderate,  complete,  etc.),  in  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all 
those  facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted 
as  ‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level 
are  deemed  ‘undamaged’. 
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Table  7:  Transportation  System  Damage  for  the  State  of  Alabama 


Transportation  System  Damage 

At  Least 

Complete 

Transportatio 
n  System 

Type 

Quantity 

Moderate 

Damage 

(Damage>50%) 

Damage 

(Damage> 

50%) 

Functionality  at 
Day  1  <  50% 

Highway 

Segments 

4,897 

0 

0 

4,897 

Bridges 

14,597 

0 

0 

14,597 

Tunnels 

0 

0 

0 

0 

Railways 

Segments 

2,678 

0 

0 

2,678 

Bridges 

118 

0 

0 

118 

Tunnels 

9 

0 

0 

9 

Facilities 

109 

0 

0 

109 

Bus 

Facilities 

24 

0 

0 

24 

Light  Rail 

Segments 

0 

0 

0 

0 

Bridges 

0 

0 

0 

0 

Facilities 

0 

0 

0 

0 

Ferry 

Facilities 

6 

6 

6 

0 

Port 

Facilities 

321 

0 

0 

274 

Airport 

Facilities 

469 

0 

0 

469 

Runways 

292 

0 

0 

292 

As  with  transportation  lifelines,  utility  lifelines  remain  largely  unaffected  by  a  NMSZ 
event.  All  utility  facilities  are  operational  the  day  after  the  earthquake  and  do  not  show 
any  form  of  significant  damage.  While  there  is  no  appreciable  damage  to  utility  facilities, 
utility  networks  do  experience  some  damage.  Pipeline  damage  is  estimated  for  local 
potable,  waste  water  and  natural  gas  systems.  Major  transmission  pipelines  for  natural 
gas  are  added  from  HSIP  2007  data.  Oil  pipelines  are  not  part  of  the  default  inventory,  or 
local  inventory  in  HAZUS-MH  MR2,  though  regional  oil  pipelines  are  added  from  HSIP 
2007  to  provide  damage  estimates  for  these  major  oil  transmission  lines.  These  oil 
pipelines  are  comprised  of  major  crude  oil  and  refined  product  lines  only.  Regional  and 
local  natural  gas  networks  are  represented  separately  and  damage  is  estimated  for  each. 
Potable  water  lines  show  the  greatest  amount  of  both  breaks  and  leaks  at  roughly  180  and 
722,  respectively,  as  shown  in  Table  14.  Local  natural  gas  lines,  however,  show  the 
greatest  break  and  leak  rates  per  length  of  pipe  at  roughly  0.01  leaks/mile  (1  leak  every 
100  miles)  and  0.003  breaks/mile  (roughly  1  break  every  333  miles).  In  addition,  local 
and  regional  damage  to  natural  gas  lines  can  be  combined  for  a  total  state  damage 
estimate  of  613  leaks  and  153  breaks  over  the  combined  length  of  59,263  miles  of  natural 
gas  pipeline. 


Table  8:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete 

Damage 

(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 

7 

0 

0 

7 

Remaining  Counties 

23 

0 

0 

23 

Total  State 

30 

0 

0 

30 
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Table  9:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Waste  Water 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 

63 

0 

0 

63 

Remaining  Counties 

347 

0 

0 

347 

Total  State 

410 

0 

0 

410 

Table  10:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 

60 

0 

0 

60 

Remaining  Counties 

308 

0 

0 

308 

Total  State 

368 

0 

0 

368 

Table  11:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of  Oil 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 

5 

0 

0 

5 

Remaining  Counties 

107 

0 

0 

107 

Total  State 

112 

0 

0 

112 

Table  12:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 

98 

0 

0 

98 

Remaining  Counties 

1,327 

0 

0 

1,327 

Total  State 

1,425 

0 

0 

1,425 

Table  13:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

12  Critical  Counties 

2,207 

0 

0 

2,207 

Remaining  Counties 

13,134 

0 

0 

13,134 

Total  State 

15,341 

0 

0 

15,341 
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Potable  water  service  is  expected  to  be  retained  for  all  residences  the  day  after  the 
scenario  earthquake.  These  estimates  are  calculated  from  a  formula  that  uses  the  damage 
to  the  distribution  system  to  detennine  the  repair  rate.  Additional  information  on  this 
formula  is  available  in  the  HAZUS-MH  MR2  Technical  Manual  that  accompanies  the 
program.  Though  the  number  of  leaks  and  breaks  may  appear  to  be  a  large  number,  they 
are  spread  across  many  miles  of  pipeline,  resulting  in  no  interruptions  in  service  as  shown 
in  Table  15.  These  damage  estimates  are  very  low  compared  to  damage  sustained  by  the 
same  types  of  pipe  in  other  states  exposed  to  the  NMSZ  event.  Without  liquefaction 
information  incorporated  for  the  majority  of  the  state  it  is  difficult  to  calculate  damage  to 
underground  pipelines.  The  permanent  ground  deformation  calculated  from  liquefaction 
susceptibility  is  a  critical  factor  in  determining  breaks  and  leaks  to  pipelines.  For 
improved  estimates  of  utility  service  outages,  more  liquefaction  susceptibility 
information  must  be  used. 


Table  14:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

200,893 

722 

180 

Waste  Water  -  Local 

120,536 

571 

143 

Natural  Gas  -  Regional 

8,558 

3 

1 

Natural  Gas  -  Local 

50,705 

610 

152 

Oil  -  Regional 

2,913 

1 

0 

Table  15:  Utility  Service  Interruptions 


Utilit 

/  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1  Day  3  Day  7  Day  30  Day  90 

Potable  Water 

Electric  Power 

1,737,080 

0  0  0  0  0 

0  0  0  0  0 

A  NOTE  ON  THE  DETERMINATION  OF  DAMAGE  TO  INFRASTRUCTURE: 

The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  levels  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 

The  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  format  employed  to  generate  the  HAZUS- 
MH  MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage 
state  likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods 
for  all  facilities  of  a  given  type  in  a  specific  county. 

The  damage  estimates  shown  previously  for  the  same  infrastructure  types  are  based  on  a 
different  set  of  criteria  as  discussed  in  footnote  (1)  and  employed  in  damage  estimates  for 
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the  preceding  tables.  Both  methods  are  employed  in  HAZUS-MH  MR2  and  are  valid 
estimation  methodologies,  though  they  generate  different  estimations  of  county  damage 
for  a  specific  facility  type.  Consider  the  following  comparison: 

•  Colbert  County,  Alabama  -  10  waste  water  facilities 
o  Estimation  procedure  according  to  footnote  1 : 

■  Summation  of  individual  facilities  after  that  facility  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  0  at  least  moderately  damaged 
waste  water  facilities 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  waste  water  facilities  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  facilities  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
facilities  in  the  county  provides  an  estimate  of  1  at  least 
moderately  damaged  waste  water  facility 

In  the  case  of  Colbert  County,  Alabama,  the  topic  damage  tables  in  this  appendix  provide 
a  higher  estimate  of  damage  as  opposed  to  the  facility-by-facility  damage  summation 
detailed  in  footnote  (1).  Though  not  illustrated  here,  it  is  possible  to  have  a  case  where 
the  point-by-point  damage  estimation  procedure  in  footnote  (1)  predicts  greater  damage 
than  the  estimation  procedure  employed  in  the  topic  damage  tables  in  this  appendix. 
Comparing  the  total  number  of  at  least  moderately  damaged  waste  water  facilities  for  the 
12  critical  counties  in  Alabama  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  3  at  least  moderately  damaged  waste  water  facilities 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  0  at  least  moderately  damaged  waste  water  facilities 

Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  greater  damage.  Other  infrastructure  categories  may  or  may  not 
follow  this  trend  thus  requiring  an  investigation  of  each  infrastructure  type  separately. 
This  is  not  undertaken  here,  though  it  can  be  done  with  the  information  provided  in  this 
section  of  the  appendix  for  the  NMSZ  scenario  in  Alabama. 

The  following  tables  provide  damage  and  functionality  estimates  for  the  NMSZ  scenario 
critical  counties  in  Alabama.  These  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  four  damage  levels  for  a  county. 
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Table  16:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Colbert 

Single  Family 

16,434 

1,135 

77 

3 

0 

17,649 

Other  Residential 

2,873 

460 

140 

3 

0 

3,476 

Commercial 

129 

30 

12 

1 

0 

172 

Industrial 

41 

6 

3 

0 

0 

50 

Other 

17 

4 

2 

0 

0 

23 

Cullman 

Single  Family 

22,631 

79 

3 

0 

0 

22,713 

Other  Residential 

7,743 

743 

91 

0 

0 

8,577 

Commercial 

214 

6 

1 

0 

0 

221 

Industrial 

15 

0 

0 

0 

0 

15 

Other 

24 

1 

0 

0 

0 

25 

Fayette 

Single  Family 

4,794 

448 

31 

1 

0 

5,274 

Other  Residential 

1,121 

514 

262 

6 

0 

1,903 

Commercial 

18 

7 

3 

0 

0 

28 

Industrial 

12 

5 

2 

0 

0 

19 

Other 

2 

1 

0 

0 

0 

3 

Franklin 

Single  Family 

8,161 

303 

20 

1 

0 

8,485 

Other  Residential 

1,974 

484 

207 

5 

0 

2,670 

Commercial 

50 

6 

2 

0 

0 

58 

Industrial 

15 

1 

0 

0 

0 

16 

Other 

3 

0 

0 

0 

0 

3 

Lamar 

Single  Family 

3,916 

444 

30 

1 

0 

4,391 

Other  Residential 

878 

665 

365 

9 

0 

1,917 

Commercial 

12 

5 

2 

0 

0 

19 

Industrial 

8 

3 

2 

0 

0 

13 

Other 

3 

1 

0 

0 

0 

4 

Lauderdale 

Single  Family 

26,861 

1,814 

123 

4 

0 

28,802 

Other  Residential 

3,799 

1,009 

427 

10 

0 

5,245 

Commercial 

206 

60 

24 

2 

0 

292 

Industrial 

22 

6 

3 

0 

0 

31 

Other 

26 

4 

1 

0 

0 

31 

Lawrence 

Single  Family 

9,354 

33 

1 

0 

0 

9,388 

Other  Residential 

3,938 

387 

48 

0 

0 

4,373 

Commercial 

32 

1 

0 

0 

0 

33 

Industrial 

4 

0 

0 

0 

0 

4 

Other 

6 

0 

0 

0 

0 

6 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Limestone 

Single  Family 

19,418 

68 

3 

0 

0 

19,489 

Other  Residential 

4,219 

391 

48 

0 

0 

4,658 

Commercial 

103 

3 

0 

0 

0 

106 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

23 

1 

0 

0 

0 

24 

Marion 

Single  Family 

7,618 

411 

28 

1 

0 

8,058 

Other  Residential 

2,735 

795 

357 

8 

0 

3,895 

Commercial 

40 

8 

3 

0 

0 

51 

Industrial 

13 

3 

1 

0 

0 

17 

Other 

7 

1 

1 

0 

0 

9 

Morgan 

Single  Family 

33,621 

117 

5 

0 

0 

33,743 

Other  Residential 

6,412 

552 

67 

0 

0 

7,031 

Commercial 

356 

10 

1 

0 

0 

367 

Industrial 

75 

2 

0 

0 

0 

77 

Other 

41 

1 

0 

0 

0 

42 

Walker 

Single  Family 

18,950 

66 

3 

0 

0 

19,019 

Other  Residential 

8,565 

832 

102 

0 

0 

9,499 

Commercial 

226 

6 

1 

0 

0 

233 

Industrial 

8 

0 

0 

0 

0 

8 

Other 

20 

0 

0 

0 

0 

20 

Winston 

Single  Family 

6,430 

325 

22 

1 

0 

6,778 

Other  Residential 

3,146 

782 

327 

7 

0 

4,262 

Commercial 

38 

9 

4 

0 

0 

51 

Industrial 

34 

4 

1 

0 

0 

39 

Other 

6 

0 

0 

0 

0 

6 
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Table  17:  Hospital  Functionality 


*  Note:  Discrepancies  between  the  number  of  hospital  beds  and  the  percentage  of  beds 
may  occur  due  to  rounding. 


Table  18:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Colbert 

9 

61.28 

Cullman 

5 

94.10 

Fayette 

3 

65.97 

Franklin 

5 

77.22 

Lamar 

5 

51.90 

Lauderdale 

9 

75.34 

Lawrence 

6 

94.10 

Limestone 

5 

94.10 

Marion 

8 

73.00 

Morgan 

9 

94.10 

Walker 

9 

94.10 

Winston 

5 

85.66 
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Table  19:  School  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Colbert 

26 

70.47 

Cullman 

37 

94.10 

Fayette 

7 

65.97 

Franklin 

13 

80.03 

Lamar 

7 

51.90 

Lauderdale 

28 

64.88 

Lawrence 

16 

94.10 

Limestone 

26 

94.10 

Marion 

18 

76.72 

Morgan 

46 

94.10 

Walker 

33 

94.10 

Winston 

13 

77.87 

Table  20:  Fire  Station  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Colbert 

20 

75.11 

Cullman 

53 

94.10 

Fayette 

13 

61.64 

Franklin 

14 

73.00 

Lamar 

10 

51.90 

Lauderdale 

23 

70.25 

Lawrence 

11 

94.10 

Limestone 

20 

94.10 

Marion 

12 

73.00 

Morgan 

34 

94.10 

Walker 

26 

94.10 

Winston 

14 

79.03 

Table  21:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Colbert 

315 

94.44 

99.10 

99.50 

99.90 

99.90 

Cullman 

272 

99.50 

99.90 

99.90 

99.90 

99.90 

Fayette 

52 

98.89 

99.80 

99.85 

99.90 

99.90 

Franklin 

107 

97.67 

99.61 

99.76 

99.90 

99.90 

Lamar 

50 

94.33 

99.08 

99.49 

99.90 

99.90 

Lauderdale 

217 

95.23 

99.22 

99.56 

99.90 

99.90 

Lawrence 

107 

99.50 

99.90 

99.90 

99.90 

99.90 

Limestone 

184 

99.50 

99.90 

99.90 

99.90 

99.90 

Marion 

131 

95.27 

99.23 

99.56 

99.90 

99.90 

Morgan 

442 

99.50 

99.90 

99.90 

99.90 

99.90 

Walker 

245 

99.50 

99.90 

99.90 

99.90 

99.90 

Winston 

85 

99.50 

99.90 

99.90 

99.90 

99.90 
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Table  22:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Colbert 

22,461 

0.00 

0.00 

0.00 

0.00 

0.00 

Cullman 

30,706 

0.00 

0.00 

0.00 

0.00 

0.00 

Fayette 

7,493 

0.00 

0.00 

0.00 

0.00 

0.00 

Franklin 

12,259 

0.00 

0.00 

0.00 

0.00 

0.00 

Lamar 

6,468 

0.00 

0.00 

0.00 

0.00 

0.00 

Lauderdale 

36,088 

0.00 

0.00 

0.00 

0.00 

0.00 

Lawrence 

13,538 

0.00 

0.00 

0.00 

0.00 

0.00 

Limestone 

24,688 

0.00 

0.00 

0.00 

0.00 

0.00 

Marion 

12,697 

0.00 

0.00 

0.00 

0.00 

0.00 

Morgan 

43,602 

0.00 

0.00 

0.00 

0.00 

0.00 

Walker 

28,364 

0.00 

0.00 

0.00 

0.00 

0.00 

Winston 

10,107 

0.00 

0.00 

0.00 

0.00 

0.00 

Table  23:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Colbert 

2 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Cullman 

1 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Fayette 

2 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Franklin 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Lamar 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Lauderdale 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Lawrence 

1 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Limestone 

1 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Marion 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Morgan 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Walker 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Winston 

0 

N/A 

N/A 

N/A 

N/A 

N/A 
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Table  24:  Potable  Water  Pipeline  Damage 


Counties 

Fength  (miles) 

Total  Number  of  Feaks 

Total  Number  of  Breaks 

Colbert 

1,510 

8 

2 

Cullman 

2,412 

13 

3 

Fayette 

1,359 

7 

2 

Franklin 

1,491 

16 

4 

Famar 

1,412 

22 

5 

Fauderdale 

2,088 

11 

3 

Fawrence 

1,454 

8 

2 

Fimestone 

1,591 

9 

2 

Marion 

1,857 

28 

7 

Morgan 

1,752 

10 

2 

Walker 

2,235 

12 

3 

Winston 

1,468 

8 

2 

Table  25:  Households  without  Electric  Power  Service 


Counties 

#  of  Households 

At  day  1 
(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Colbert 

22,461 

0.00 

0.00 

0.00 

0.00 

0.00 

Cullman 

30,706 

0.00 

0.00 

0.00 

0.00 

0.00 

Fayette 

7,493 

0.00 

0.00 

0.00 

0.00 

0.00 

Franklin 

12,259 

0.00 

0.00 

0.00 

0.00 

0.00 

Famar 

6,468 

0.00 

0.00 

0.00 

0.00 

0.00 

Fauderdale 

36,088 

0.00 

0.00 

0.00 

0.00 

0.00 

Fawrence 

13,538 

0.00 

0.00 

0.00 

0.00 

0.00 

Fimestone 

24,688 

0.00 

0.00 

0.00 

0.00 

0.00 

Marion 

12,697 

0.00 

0.00 

0.00 

0.00 

0.00 

Morgan 

43,602 

0.00 

0.00 

0.00 

0.00 

0.00 

Walker 

28,364 

0.00 

0.00 

0.00 

0.00 

0.00 

Winston 

10,107 

0.00 

0.00 

0.00 

0.00 

0.00 
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Table  26:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Colbert 

10 

54.0% 

34.8% 

10.3% 

0.9% 

0.1% 

Cullman 

9 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Fayette 

2 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Franklin 

5 

65.9% 

26.3% 

7.1% 

0.6% 

0.0% 

Lamar 

5 

65.9% 

26.3% 

7.1% 

0.6% 

0.0% 

Lauderdale 

2 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Lawrence 

4 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Limestone 

5 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Marion 

5 

65.9% 

26.3% 

7.1% 

0.6% 

0.0% 

Morgan 

8 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Walker 

7 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Winston 

1 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Table  27:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Colbert 

906 

7 

2 

Cullman 

1,447 

10 

3 

Fayette 

816 

6 

1 

Franklin 

895 

13 

3 

Lamar 

847 

17 

4 

Lauderdale 

1,253 

9 

2 

Lawrence 

872 

6 

2 

Limestone 

955 

7 

2 

Marion 

1,114 

22 

5 

Morgan 

1,051 

8 

2 

Walker 

1,341 

10 

2 

Winston 

881 

6 

2 
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Table  28:  Highway  Bridge  Damage 


Counties 

#  of 
Bridges 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Colbert 

131 

97.19% 

1.93% 

0.54% 

0.28% 

0.04% 

Cullman 

230 

98.28% 

1.15% 

0.35% 

0.18% 

0.02% 

Fayette 

162 

97.66% 

1.72% 

0.38% 

0.19% 

0.02% 

Franklin 

182 

97.18% 

2.00% 

0.51% 

0.26% 

0.03% 

Lamar 

172 

98.68% 

0.99% 

0.19% 

0.11% 

0.01% 

Lauderdale 

227 

96.76% 

2.28% 

0.60% 

0.30% 

0.04% 

Lawrence 

211 

98.33% 

1.08% 

0.36% 

0.19% 

0.03% 

Limestone 

299 

97.10% 

1.96% 

0.59% 

0.30% 

0.04% 

Marion 

232 

98.12% 

1.32% 

0.34% 

0.18% 

0.02% 

Morgan 

239 

97.81% 

1.37% 

0.50% 

0.27% 

0.04% 

Walker 

196 

96.28% 

2.50% 

0.77% 

0.38% 

0.05% 

Winston 

85 

97.74% 

1.62% 

0.40% 

0.20% 

0.03% 

Table  29:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Colbert 

131 

98.75 

99.39 

99.61 

99.64 

99.78 

Cullman 

230 

99.20 

99.58 

99.72 

99.74 

99.82 

Fayette 

162 

99.02 

99.55 

99.70 

99.72 

99.81 

Franklin 

182 

98.78 

99.42 

99.63 

99.66 

99.78 

Lamar 

172 

99.43 

99.72 

99.80 

99.81 

99.86 

Lauderdale 

227 

98.60 

99.34 

99.58 

99.62 

99.76 

Lawrence 

211 

99.19 

99.56 

99.70 

99.73 

99.82 

Limestone 

299 

98.69 

99.35 

99.59 

99.63 

99.76 

Marion 

232 

99.17 

99.58 

99.72 

99.74 

99.82 

Morgan 

239 

98.94 

99.42 

99.62 

99.65 

99.78 

Walker 

196 

98.33 

99.19 

99.49 

99.54 

99.72 

Winston 

85 

99.02 

99.53 

99.69 

99.72 

99.81 
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Alabama  -  East  Tennessee  Seismic  Zone  Scenario 


This  earthquake  impact  assessment  includes  all  67  counties  in  the  State  of  Alabama.  For 
the  purposes  of  this  analysis,  13  critical  counties  have  been  identified  in  the  northeastern 
portion  of  the  state  where  shaking  is  anticipated  to  be  most  intense.  These  13  counties  are 
the  focus  of  much  of  the  damage  assessment  included  within  this  document,  though  it  is 
possible  for  damage  to  occur  outside  these  13  counties.  The  critical  counties  are  listed 
below: 


•  Blount 

•  Calhoun 

•  Cherokee 

•  Dekalb 

•  Etowah 


•  Jackson 

•  Jefferson 

•  Limestone 

•  Madison 

•  Marshall 


•  Morgan 

•  Saint  Clair 

•  Talladega 


Please  note,  the  critical  counties  chosen  for  the  East  Tennessee  Seismic  Zone  (ETSZ) 
scenario  are  different  then  those  used  in  the  New  Madrid  Seismic  Zone  (NMSZ)  scenario. 
Counties  closest  to  the  seismic  source  are  considered  critical,  thus  the  ETSZ  critical 
counties  are  located  in  the  northeastern  portion  of  Alabama,  while  NMSZ  critical 
counties  are  located  in  the  northwestern  portion  of  Alabama.  For  names  and  locations  of 
critical  counties  in  each  scenario  event  please  reference  the  main  section  of  this  report 
and  the  damage  and  functionality  maps  in  another  appendix. 

The  earthquake  impact  assessment  for  the  State  of  Alabama  employs  one  scenario  event 
in  Dekalb  County.  The  scenario  consists  of  a  Mw5.9  earthquake  in  the  East  Tennessee 
Seismic  Zone  (ETSZ).  The  epicenter  location  as  well  as  all  soil  and  liquefaction  data 
were  provided  by  the  Geologic  Survey  of  Alabama  (GSA)  and  shown  in  Figure  2.  A  set 
of  five  attenuation  functions  was  used  to  generate  ground  motion.  The  attenuations  and 
weighting  factors  are  listed  below: 


Atkinson  and  Boore  (1997) 

0.250 

Toro,  Abrahamson  and  Schneider  (1997) 

0.250 

Frankel,  Mueller,  Barnhard,  Perkins  et  al.  (1996) 

0.250 

Campbell  (2002) 

0.125 

Sommerville,  Collins,  Abrahamson  et  al.  (2002) 

0.125 

It  is  relevant  to  note  that  the  attenuation  from  Frankel,  Mueller,  Bamhard,  Perkins  et  al. 
(1996)  can  not  be  computed  for  a  magnitude  of  5.9.  The  attenuation  only  applies  to 
earthquakes  with  magnitudes  of  6.0  or  greater.  In  order  to  detennine  regional  ground 
shaking  with  this  attenuation  a  magnitude  of  6.0  was  used.  The  four  remaining 
attenuations  employed  a  magnitude  5.9,  as  prescribed  by  GSA.  This  change  does  not 
impact  the  intensity  of  regional  shaking  significantly  and  is  acceptable  for  the  purposes  of 
this  assessment. 
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The  East  Tennessee  Seismic  Zone  scenario  generates  nearly  550  cases  of  complete 
damage,  unlike  the  New  Madrid  Seismic  Zone  scenario.  All  of  these  cases  of  complete 
damage  occur  nearest  the  epicenter  in  DeKalb,  Etowah  and  Jackson  Counties.  Table  30 
and  Table  31  report  at  least  moderate  damage  which  includes  moderate  to  severe  damage 
and  complete  damage.  All  of  the  damage  estimates  for  the  at  least  moderate  damage  case 
include  complete  damage.  Since  there  are  no  cases  of  complete  damage  in  the  NMSZ 
scenario  for  Alabama  the  moderate  to  severe  damage  level  can  be  considered  at  least 
moderate  and  compared  to  the  building  damage  shown  here  for  the  ETSZ  scenario. 


Table  30:  Damage  by  General  Occupancy  Type  for  the  State  of  Alabama 


General  Occupancy  Type  Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

1,303,224 

2,431 

410 

Other  Residential 

354,031 

3,241 

127 

Commercial 

18,249 

61 

5 

Industrial 

2,048 

48 

2 

Other 

2,014 

5 

0 

Total 

1,679,566 

5,786 

544 

The  ETSZ  scenario  generates  nearly  5,800  cases  of  at  least  moderate  damage  across  the 
entire  state.  This  is  approximately  500  fewer  cases  than  the  NMSZ  scenario.  Nearly  all 
damaged  structures  are  located  in  the  13  critical  counties,  though  less  than  half  of  the 
structural  damage  in  the  NMSZ  scenario  is  confined  to  the  critical  counties.  As  with  the 
previous  scenario  for  Alabama,  nearly  all  damage,  roughly  98%,  is  incurred  by 
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residential  structures.  The  remaining  2%  is  attributed  to  commercial,  industrial  and  other 
buildings  which  include  government,  educational,  religious  and  agricultural  buildings. 

Wood  construction  accounts  for  45%  of  all  building  damage  in  this  earthquake  scenario. 
Additionally,  mobile  homes  (MH)  consist  of  47  %  of  the  damages  cases,  while 
unreinforced  masonry  (URM)  account  for  8%  of  all  building  damage.  Concrete,  steel  and 
reinforced  masonry  construction  types  represent  considerably  fewer  cases  of  damage. 


Table  31:  Damage  by  General  Occupancy  Type  for  the  13  Critical  Counties 


General  Occupancy  Type  Damage  (13  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

535,829 

2,427 

410 

Other  Residential 

106,769 

3,216 

127 

Commercial 

10,454 

60 

5 

Industrial 

815 

48 

2 

Other 

777 

5 

0 

Total 

654,644 

5,756 

544 

Table  32:  Building  Damage  by  Building  Type  for  State  of  Alabama 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,255,446 

7,365 

1,596 

69 

394 

Steel 

11,814 

64 

42 

14 

4 

Concrete 

3,247 

16 

11 

4 

2 

Precast 

879 

8 

5 

2 

0 

Reinforced  Masonry 

5,234 

19 

14 

5 

3 

Unreinforced  Masonry 

76,394 

1,127 

371 

81 

38 

Mobile  Home 

305,185 

6,983 

2,675 

352 

105 

Total 

1,658,199 

15,582 

4,714 

527 

546 

Numerous  essential  facilities  experience  moderate  or  significant  damage  from  the 
scenario  earthquake.  There  are  12  fire  stations  in  northeastern  Alabama  that  incur  at  least 
moderate  damage  and  22  facilities  are  not  operational  the  day  after  the  event.  Several 
police  stations  and  schools  are  damaged  and  not  functional  immediately  after  the  event 
which  is  likely  to  inhibit  the  emergency  response  in  these  heavily  damaged  areas  of 
northeastern  Alabama.  Table  33  illustrates  essential  facilities  damage  throughout  the  state, 
while  Table  34  shows  damage  for  the  13  critical  counties  only. 
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Table  33:  Essential  Facilities  Damage  &  Functionality  for  the  State  of  Alabama2 


Essential  Facilities  Damage  &  Functionality 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

137 

1 

0 

136 

Schools 

1,870 

8 

0 

1,856 

EOCs 

27 

0 

0 

27 

Police  Stations 

496 

6 

0 

485 

Fire  Stations 

1,388 

12 

0 

1,366 

Table  34:  Essential  Facilities  Damage  &  Functionality  for  13  Critical  Counties 


Essential  Facilities  Damage  &  Functionality  (13  Critical  Counties) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

48 

1 

0 

47 

Schools 

698 

8 

0 

690 

EOCs 

8 

0 

0 

7 

Police  Stations 

161 

6 

0 

150 

Fire  Stations 

419 

12 

0 

397 

Damage  to  transportation  facilities  and  networks  is  very  limited  even  though  the  ETSZ 
scenario  produces  more  intense  shaking  in  portions  of  northeastern  Alabama.  Only  one 
highway  bridge  incurs  moderate  damage  and  only  one  bridge  is  not  operational  the  day 
after  the  earthquake.  All  airports  are  undamaged  and  remain  operational  immediately 
after  the  earthquake,  as  do  all  railway  and  bus  facilities.  Numerous  ports  show  reduced 
functionality  the  day  after  the  earthquake  as  47  ports  are  not  operational.  The  same 
inventory  used  in  the  Alabama  NMSZ  scenario  was  employed  in  this  scenario  and  thus 
the  same  updates  from  HSIP  2007  apply. 


Table  35:  Damage  to  Highway  Bridges 


Highway 

t  Bridge  Damage  Assessments 

Total  No.  of 
Bridges 

At  Least  Moderate  «  .  ,  » 

Complete  Damage 

Functionality  > 
50%  at  Day  1 

13  Critical  Counties 
Remaining  Counties 

4,014 

10,583 

1  0 

0  0 

4,013 

10,583 

Total  State 

14,597 

1  0 

14,596 

2  For  Tables  33-43  in  this  appendix  the  following  method  is  used  to  determine  the  number  of  facilities  in  a 
damage  category.  HAZUS-MH  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level 
(at  least  moderate,  complete,  etc.).  In  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all 
those  facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted 
as  ‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level 
are  deemed  ‘undamaged’. 
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Table  36:  Damage  to  Airports 


Airport  Damage  Assessments 

Total  No.  of 
Airports 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality  > 
50%  at  Day  1 

13  Critical  Counties 

115 

0 

0 

115 

Remaining  Counties 

354 

0 

0 

354 

Total  State 

469 

0 

0 

469 

Table  37:  Transportation  System  Damage  for  State  of  Alabama 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 
Damage 
(Damage  >50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

4,897 

0 

0 

4,897 

Bridges 

14,597 

1 

0 

14,596 

Tunnels 

0 

0 

0 

0 

Railways 

Segments 

2,678 

0 

0 

2,678 

Bridges 

118 

0 

0 

118 

Tunnels 

9 

0 

0 

9 

Facilities 

109 

0 

0 

109 

Bus 

Facilities 

24 

0 

0 

24 

Light  Rail 

Segments 

0 

0 

0 

0 

Bridges 

0 

0 

0 

0 

Facilities 

0 

0 

0 

0 

Ferry 

Facilities 

6 

6 

6 

0 

Port 

Facilities 

321 

0 

0 

274 

Airport 

Facilities 

469 

0 

0 

469 

Runways 

292 

0 

0 

292 

Utility  lifelines  show  more  substantial  damage  to  networks  than  their  facility  counterparts. 
Very  few  facilities  are  moderately  damaged.  Potable  water,  waste  water  and  electric 
power  facilities  incur  a  total  of  four  moderately  damaged  facilities  nearest  the  epicenter. 
Communication  facilities  incur  numerous  cases  of  damage  in  northeastern  Alabama. 
Over  162  facilities  are  moderately  damaged  though  this  only  equates  to  3%  of  all 
facilities  in  the  critical  counties  and  roughly  1%  of  all  communication  facilities  in  the 
State  of  Alabama.  The  functionality  of  utility  facilities  in  Alabama  is  largely  unchanged 
by  the  earthquake  in  the  ETSZ.  Several  facilities  nearest  the  epicenter  are  not  operational 
the  day  after  the  earthquake,  though  the  majority  of  the  state  retains  its  services. 
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Table  38:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality  > 
50%  at  Day  1 

13  Critical  Counties 

14 

1 

0 

13 

Remaining  Counties 

16 

0 

0 

16 

Total  State 

30 

1 

0 

29 

Table  39:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 

Damage 

(Damage  >  50%) 

Functionality  > 
50%  at  Day  1 

13  Critical  Counties 

130 

2 

0 

125 

Remaining  Counties 

280 

0 

0 

280 

Total  State 

410 

2 

0 

405 

Table  40:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

13  Critical  Counties 

100 

0 

0 

100 

Remaining  Counties 

268 

0 

0 

268 

Total  State 

368 

0 

0 

368 

Table  41:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

13  Critical  Counties 

38 

0 

0 

38 

Remaining  Counties 

74 

0 

0 

74 

Total  State 

112 

0 

0 

112 

Table  42:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality  > 
50%  at  Day  1 

13  Critical  Counties 

395 

1 

0 

394 

Remaining  Counties 

1,030 

0 

0 

1,030 

Total  State 

1,425 

1 

0 

1,424 
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Table  43:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality  > 
50%  at  Day  1 

13  Critical  Counties 

5,180 

162 

0 

5,149 

Remaining  Counties 

10,161 

0 

0 

10,161 

Total  State 

15,341 

162 

0 

15,310 

Pipelines  incur  several  hundred  leaks  and  breaks  throughout  the  state.  Potable  water  lines 
show  the  greatest  amount  of  both  breaks  and  leaks  at  roughly  71  and  188,  respectively. 
In  addition,  waste  water  lines  show  an  estimated  149  leaks  and  56  breaks,  over  nearly 
75,000  miles  of  pipe.  Regional  natural  gas  and  oil  pipelines  show  no  breaks  and  leaks. 
The  lack  of  damage  to  regional  pipelines  is  likely  due  to  the  low  levels  of  shaking 
throughout  the  majority  of  the  state.  In  addition,  regions  with  more  intense  shaking  near 
the  epicenter  are  also  comprised  of  very  stable  soils  that  are  unlikely  to  liquefy.  Without 
substantial  ground  deformation  pipelines  are  unlikely  to  break.  With  very  little  damage  to 
potable  water  lines  the  number  of  households  without  water,  even  immediately  after  the 
event,  is  very  low.  Electric  power,  however,  is  out  for  nearly  7,400  households  in 
northeastern  Alabama.  Numerous  households  have  service  restored  within  a  week, 
though  roughly  1,700  households  are  still  without  power.  These  estimates  are  calculated 
from  a  formula  that  uses  the  damage  to  the  distribution  system  to  determine  the  repair 
rate.  Additional  information  on  this  formula  is  available  in  the  HAZUS-MH  MR2 
Technical  Manual  that  accompanies  the  program. 


Table  44:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

124,755 

188 

71 

Waste  Water  -  Local 

74,853 

149 

56 

Natural  Gas  -  Regional 

5,306 

0 

0 

Natural  Gas  -  Local 

4,990 

159 

60 

Oil  -  Regional 

1,809 

0 

0 

Table  45:  Utility  Service  Interruptions 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Electric  Power 

1,737,080 

7,389 

4,367 

1,715 

349 

10 

Potable  Water 

0 

0 

0 

0 

0 

A  NOTE  ON  THE  DETERMINATION  OF  DAMAGE  TO  INFRASTRUCTURE: 

The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
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damage  based  on  the  likelihood  of  reaching  the  four  damage  levels  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 

The  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  format  employed  in  HAZUS-MH  MR2 
summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage  state 
likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods  for  all 
facilities  of  a  given  type  in  a  specific  county. 

The  damage  estimates  shown  previously  for  corresponding  infrastructure  types  are  based 
on  a  different  set  of  criteria  as  discussed  in  footnote  (2)  and  employed  in  the  preceding 
damage  tables  for  this  scenario.  Both  methods  are  employed  in  HAZUS-MH  MR2  and 
are  valid  estimation  methodologies,  though  they  generate  different  estimations  of  county 
damage  for  a  specific  facility  type.  Consider  the  following  comparison: 

•  Dekalb  County,  Alabama  -  7  waste  water  facilities 
o  Estimation  procedure  according  to  footnote  2: 

■  Summation  of  individual  facilities  after  that  facility  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  1  at  least  moderately  damaged 
waste  water  facility 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  waste  water  facilities  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  facilities  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
facilities  in  the  county  provides  an  estimate  of  2  at  least 
moderately  damaged  waste  water  facilities 

In  the  case  of  Dekalb  County,  Alabama,  the  topic  damage  tables  in  this  appendix  provide 
a  higher  estimate  of  damage  as  opposed  to  the  facility-by-facility  damage  summation 
detailed  in  footnote  (2).  Though  not  illustrated  here,  other  counties  in  Alabama  are 
estimated  to  incur  greater  damage  when  this  averaging  estimation  procedure  is  used. 
Comparing  the  total  number  of  at  least  moderately  damaged  waste  water  facilities  for  the 
13  critical  counties  in  Alabama  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  5  at  least  moderately  damaged  waste  water  facilities 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  2  at  least  moderately  damaged  waste  water  facilities 


229 


Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  greater  damage.  Other  infrastructure  categories  may  or  may  not 
follow  this  trend  thus  requiring  an  investigation  of  each  infrastructure  type  separately. 
This  is  not  undertaken  here,  though  it  can  be  done  with  the  information  provided  in  this 
appendix  for  the  ETSZ  scenario  in  Alabama. 

The  following  tables  provide  damage  and  functionality  estimates  for  the  ETSZ  scenario 
critical  counties  in  Alabama.  These  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  four  damage  levels  for  a  county. 
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Table  46:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Blount 

Single  Family 

13,876 

25 

1 

0 

0 

13,902 

Other  Residential 

5,988 

126 

7 

0 

0 

6,121 

Commercial 

4,401 

41 

3 

0 

0 

4,445 

Industrial 

10 

0 

0 

0 

0 

10 

Other 

31 

0 

0 

0 

0 

31 

Calhoun 

Single  Family 

33,821 

112 

4 

0 

0 

33,937 

Other  Residential 

9,256 

352 

26 

0 

0 

9,634 

Commercial 

345 

4 

0 

0 

0 

349 

Industrial 

71 

1 

0 

0 

0 

72 

Other 

37 

0 

0 

0 

0 

37 

Cherokee 

Single  Family 

5,611 

1,417 

242 

10 

0 

7,280 

Other  Residential 

2,422 

1,311 

912 

69 

0 

4,714 

Commercial 

32 

5 

2 

0 

0 

39 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

10 

2 

1 

0 

0 

13 

Dekalb 

Single  Family 

10,799 

4,909 

1,562 

123 

10 

17,403 

Other  Residential 

3,405 

2,074 

1,440 

299 

37 

7,255 

Commercial 

58 

40 

36 

9 

1 

144 

Industrial 

20 

19 

31 

15 

2 

87 

Other 

10 

5 

3 

1 

0 

19 

Etowah 

Single  Family 

31,942 

403 

18 

0 

262 

32,625 

Other  Residential 

6,136 

513 

60 

0 

33 

6,742 

Commercial 

290 

10 

1 

0 

2 

303 

Industrial 

22 

0 

0 

0 

0 

22 

Other 

31 

1 

0 

0 

0 

32 

Jackson 

Single  Family 

14,666 

664 

35 

1 

138 

15,504 

Other  Residential 

5,067 

959 

187 

1 

57 

6,271 

Commercial 

96 

8 

2 

0 

2 

108 

Industrial 

9 

1 

0 

0 

0 

10 

Other 

14 

1 

0 

0 

0 

15 

Jefferson 

Single  Family 

206,275 

86 

3 

0 

0 

206,364 

Other  Residential 

17,315 

82 

3 

0 

0 

17,400 

Commercial 

2,940 

6 

0 

0 

0 

2,946 

Industrial 

216 

0 

0 

0 

0 

216 

Other 

310 

1 

0 

0 

0 

311 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Limestone 

Single  Family 

19,471 

17 

1 

0 

0 

19,489 

Other  Residential 

4,611 

45 

2 

0 

0 

4,658 

Commercial 

106 

0 

0 

0 

0 

106 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

24 

0 

0 

0 

0 

24 

Madison 

Single  Family 

93,692 

193 

7 

0 

0 

93,892 

Other  Residential 

10,713 

206 

13 

0 

0 

10,932 

Commercial 

1,112 

9 

1 

0 

0 

1,122 

Industrial 

204 

1 

0 

0 

0 

205 

Other 

185 

1 

0 

0 

0 

186 

Marshall 

Single  Family 

24,265 

193 

7 

0 

0 

24,465 

Other  Residential 

6,561 

456 

46 

0 

0 

7,063 

Commercial 

230 

7 

1 

0 

0 

238 

Industrial 

54 

1 

0 

0 

0 

55 

Other 

21 

1 

0 

0 

0 

22 

Morgan 

Single  Family 

33,701 

40 

1 

0 

0 

33,742 

Other  Residential 

6,918 

107 

6 

0 

0 

7,031 

Commercial 

365 

2 

0 

0 

0 

367 

Industrial 

78 

0 

0 

0 

0 

78 

Other 

42 

0 

0 

0 

0 

42 

Saint  Clair 

Single  Family 

16,709 

42 

1 

0 

0 

16,752 

Other  Residential 

9,044 

214 

13 

0 

0 

9,271 

Commercial 

112 

1 

0 

0 

0 

113 

Industrial 

38 

0 

0 

0 

0 

38 

Other 

28 

0 

0 

0 

0 

28 

Talladega 

Single  Family 

20,454 

19 

1 

0 

0 

20,474 

Other  Residential 

9,559 

113 

5 

0 

0 

9,677 

Commercial 

173 

1 

0 

0 

0 

174 

Industrial 

18 

0 

0 

0 

0 

18 

Other 

17 

0 

0 

0 

0 

17 

*Note:  The  summation  of  the  individual  buildings  damage  at  different  damage  levels  may 
not  sum  to  the  total  amount  of  buildings  damaged;  this  is  due  to  rounding  discrepancies. 
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Table  47:  Hospital  Functionality 


*  Note:  Discrepancies  between  the  number  of  hospital  beds  and  the  percentage  of  beds 
may  occur  due  to  rounding. 


Table  48:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Blount 

161 

99.86 

99.90 

99.90 

99.90 

99.90 

Calhoun 

357 

99.68 

99.90 

99.90 

99.90 

99.90 

Cherokee 

85 

87.88 

96.69 

97.81 

99.56 

99.85 

Dekalb 

266 

69.04 

85.51 

89.44 

97.40 

99.49 

Etowah 

293 

98.54 

99.78 

99.86 

99.90 

99.90 

Jackson 

229 

96.44 

99.44 

99.69 

99.90 

99.90 

Jefferson 

1,681 

99.90 

99.90 

99.90 

99.90 

99.90 

Limestone 

184 

99.90 

99.90 

99.90 

99.90 

99.90 

Madison 

649 

99.82 

99.90 

99.90 

99.90 

99.90 

Marshall 

255 

99.12 

99.87 

99.90 

99.90 

99.90 

Morgan 

442 

99.89 

99.90 

99.90 

99.90 

99.90 

Saint  Clair 

310 

99.86 

99.90 

99.90 

99.90 

99.90 

Talladega 

268 

99.90 

99.90 

99.90 

99.90 

99.90 
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Table  49:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Blount 

7 

96.43 

Calhoun 

10 

94.79 

Cherokee 

4 

41.90 

Dekalb 

14 

34.67 

Etowah 

12 

91.47 

Jackson 

10 

79.31 

Jefferson 

46 

98.89 

Limestone 

5 

98.14 

Madison 

16 

96.30 

Marshall 

9 

91.06 

Morgan 

9 

97.52 

Saint  Clair 

12 

96.89 

Talladega 

7 

98.20 

Table  50:  School  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Blount 

18 

96.92 

Calhoun 

45 

95.11 

Cherokee 

8 

45.43 

Dekalb 

18 

33.26 

Etowah 

46 

87.60 

Jackson 

30 

79.06 

Jefferson 

253 

98.95 

Limestone 

26 

98.14 

Madison 

107 

96.49 

Marshall 

36 

91.83 

Morgan 

46 

97.61 

Saint  Clair 

29 

96.76 

Talladega 

36 

98.05 
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Table  51:  Fire  Station  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Blount 

22 

96.91 

Calhoun 

23 

94.54 

Cherokee 

13 

53.02 

Dekalb 

29 

35.97 

Etowah 

32 

86.42 

Jackson 

27 

80.11 

Jefferson 

106 

98.94 

Limestone 

20 

98.26 

Madison 

46 

96.34 

Marshall 

23 

91.51 

Morgan 

34 

97.48 

Saint  Clair 

23 

96.56 

Talladega 

21 

98.23 

Table  52:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Blount 

19,265 

0 

0.00 

0 

0.00 

0 

Calhoun 

45,307 

0 

0.00 

0 

0.00 

0 

Cherokee 

9,719 

0 

0.00 

0 

0.00 

0 

Dekalb 

25,113 

0 

0.00 

0 

0.00 

0 

Etowah 

41,615 

0 

0.00 

0 

0.00 

0 

Jackson 

21,615 

0 

0.00 

0 

0.00 

0 

Jefferson 

263,265 

0 

0.00 

0 

0.00 

0 

Limestone 

24,688 

0 

0.00 

0 

0.00 

0 

Madison 

109,955 

0 

0.00 

0 

0.00 

0 

Marshall 

32,547 

0 

0.00 

0 

0.00 

0 

Morgan 

43,602 

0 

0.00 

0 

0.00 

0 

Saint  Clair 

24,143 

0 

0.00 

0 

0.00 

0 

Talladega 

30,674 

0 

0.00 

0 

0.00 

0 
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Table  53:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Blount 

3 

95.8% 

4.0% 

0.2% 

0.0% 

0.0% 

Calhoun 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Cherokee 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Dekalb 

1 

4.9% 

25.8% 

43.5% 

21.6% 

4.2% 

Etowah 

2 

82.2% 

15.9% 

1.8% 

0.1% 

0.0% 

Jackson 

2 

70.3% 

24.6% 

4.8% 

0.3% 

0.0% 

Jefferson 

3 

99.7% 

0.3% 

0.0% 

0.0% 

0.0% 

Limestone 

1 

99.4% 

0.6% 

0.0% 

0.0% 

0.0% 

Madison 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Marshall 

2 

86.2% 

12.6% 

1.2% 

0.0% 

0.0% 

Morgan 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Saint  Clair 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Talladega 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Table  54:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Blount 

3 

96.1% 

3.7% 

0.2% 

0.0% 

0.0% 

Calhoun 

6 

90.9% 

8.3% 

0.7% 

0.0% 

0.0% 

Cherokee 

3 

27.5% 

40.1% 

25.6% 

5.9% 

0.8% 

Dekalb 

7 

29.7% 

38.8% 

25.1% 

5.7% 

0.7% 

Etowah 

9 

79.7% 

17.4% 

2.8% 

0.1% 

0.0% 

Jackson 

12 

68.9% 

24.7% 

5.9% 

0.5% 

0.0% 

Jefferson 

20 

99.5% 

0.5% 

0.0% 

0.0% 

0.0% 

Limestone 

5 

98.6% 

1.4% 

0.0% 

0.0% 

0.0% 

Madison 

16 

96.1% 

3.7% 

0.2% 

0.0% 

0.0% 

Marshall 

16 

87.4% 

11.4% 

1.1% 

0.0% 

0.0% 

Morgan 

8 

97.6% 

2.3% 

0.1% 

0.0% 

0.0% 

Saint  Clair 

8 

96.4% 

3.4% 

0.2% 

0.0% 

0.0% 

Talladega 

17 

98.7% 

1.3% 

0.0% 

0.0% 

0.0% 
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Table  55:  Highway  Bridge  Damage 


Counties 

#  of 
Bridges 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Blount 

178 

99.91% 

0.08% 

0.00% 

0.00% 

0.00% 

Calhoun 

288 

99.56% 

0.42% 

0.01% 

0.00% 

0.00% 

Cherokee 

159 

90.66% 

6.78% 

0.91% 

0.82% 

0.82% 

Dekalb 

287 

89.23% 

8.04% 

1.23% 

1.07% 

0.41% 

Etowah 

209 

98.34% 

1.48% 

0.04% 

0.09% 

0.03% 

Jackson 

270 

96.41% 

3.32% 

0.14% 

0.12% 

0.01% 

Jefferson 

958 

99.99% 

0.01% 

0.00% 

0.00% 

0.00% 

Limestone 

299 

99.96% 

0.03% 

0.00% 

0.00% 

0.00% 

Madison 

567 

99.84% 

0.15% 

0.00% 

0.00% 

0.00% 

Marshall 

165 

99.32% 

0.65% 

0.01% 

0.00% 

0.00% 

Morgan 

239 

99.95% 

0.05% 

0.00% 

0.00% 

0.00% 

Saint  Clair 

163 

99.88% 

0.11% 

0.00% 

0.00% 

0.00% 

Talladega 

232 

99.96% 

0.03% 

0.00% 

0.00% 

0.00% 

Table  56:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Blount 

178 

99.96 

99.98 

99.98 

99.98 

99.98 

Calhoun 

288 

99.86 

99.97 

99.97 

99.97 

99.97 

Cherokee 

159 

95.97 

97.95 

98.29 

98.41 

98.88 

Dekalb 

287 

95.59 

97.97 

98.44 

98.60 

99.17 

Etowah 

209 

99.42 

99.80 

99.82 

99.83 

99.88 

Jackson 

270 

98.88 

99.75 

99.80 

99.82 

99.88 

Jefferson 

958 

99.97 

99.97 

99.97 

99.97 

99.97 

Limestone 

299 

99.97 

99.97 

99.97 

99.97 

99.97 

Madison 

567 

99.94 

99.97 

99.97 

99.97 

99.97 

Marshall 

165 

99.78 

99.95 

99.95 

99.95 

99.95 

Morgan 

239 

99.97 

99.98 

99.98 

99.98 

99.98 

Saint  Clair 

163 

99.95 

99.97 

99.97 

99.97 

99.97 

Talladega 

232 

99.98 

99.98 

99.98 

99.98 

99.98 
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Table  57:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Blount 

1,905 

2 

0 

Calhoun 

2,344 

3 

1 

Cherokee 

1,517 

32 

8 

Dekalb 

2,588 

98 

24 

Etowah 

2,052 

7 

8 

Jackson 

2,151 

14 

21 

Jefferson 

5,801 

2 

1 

Limestone 

1,591 

1 

0 

Madison 

2,876 

3 

1 

Marshall 

1,964 

4 

1 

Morgan 

1,752 

1 

0 

Saint  Clair 

1,961 

2 

0 

Talladega 

2,399 

1 

0 

Table  58:  Households  without  Electric  Power  Service 


Counties 

#  of 

Households 

At  day  1  (%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day 

90  (%) 

Blount 

19,265 

0.00 

0.00 

0.00 

0.00 

0.00 

Calhoun 

45,307 

0.00 

0.00 

0.00 

0.00 

0.00 

Cherokee 

9,719 

19.31 

9.41 

2.41 

0.29 

0.03 

Dekalb 

25,113 

21.95 

13.75 

5.90 

1.28 

0.03 

Etowah 

41,615 

0.00 

0.00 

0.00 

0.00 

0.00 

Jackson 

21,615 

0.00 

0.00 

0.00 

0.00 

0.00 

Jefferson 

263,265 

0.00 

0.00 

0.00 

0.00 

0.00 

Limestone 

24,688 

0.00 

0.00 

0.00 

0.00 

0.00 

Madison 

109,955 

0.00 

0.00 

0.00 

0.00 

0.00 

Marshall 

32,547 

0.00 

0.00 

0.00 

0.00 

0.00 

Morgan 

43,602 

0.00 

0.00 

0.00 

0.00 

0.00 

Saint  Clair 

24,143 

0.00 

0.00 

0.00 

0.00 

0.00 

Talladega 

30,674 

0.00 

0.00 

0.00 

0.00 

0.00 
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Table  59:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Blount 

1,143 

1 

0 

Calhoun 

1,407 

2 

1 

Cherokee 

910 

25 

6 

Dekalb 

1,553 

77 

19 

Etowah 

1,231 

5 

6 

Jackson 

1,290 

11 

17 

Jefferson 

3,480 

2 

0 

Limestone 

954 

1 

0 

Madison 

1,726 

2 

1 

Marshall 

1,179 

3 

1 

Morgan 

1,051 

1 

0 

Saint  Clair 

1,177 

1 

0 

Talladega 

1,439 

1 

0 
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Arkansas  -  New  Madrid  Seismic  Zone  Scenario 


This  earthquake  impact  assessment  includes  all  75  counties  in  the  State  of  Arkansas. 
Arkansas  is  approximately  53,200  square  miles  and  is  bordered  by  Missouri  to  the  north, 
Louisiana  to  the  south,  Tennessee  and  Mississippi  to  the  east  and  Oklahoma  to  the  west. 
For  the  purposes  of  this  analysis,  34  critical  counties  have  been  identified  in  the 
northeastern  portion  of  the  state  where  shaking  is  anticipated  to  be  most  intense.  These  34 
counties  are  the  focus  of  much  of  the  damage  assessment  included  within  this  document. 
The  critical  counties  are  listed  below: 


•  Arkansas 

•  Faulkner 

•  Lee 

•  Randolph 

•  Baxter 

•  Fulton 

•  Lincoln 

•  St.  Francis 

•  Clay 

•  Grant 

•  Lonoke 

•  Sharp 

•  Cleburne 

•  Greene 

•  Mississippi 

•  Stone 

•  Cleveland 

•  Independence 

•  Monroe 

•  Van  Buren 

•  Craighead 

•  Izard 

•  Phillips 

•  White 

•  Crittenden 

•  Jackson 

•  Poinsett 

•  Woodruff 

•  Cross 

•  Jefferson 

•  Prairie 

•  Desha 

•  Lawrence 

•  Pulaski 

Figure  3:  Scenario  Fault  Location  for  the  State  of  Arkansas 


The  earthquake  impact  assessment  for  the  State  of  Arkansas  employs  one  scenario  event 
along  the  New  Madrid  Fault.  The  scenario  consists  of  a  Mw7.7  earthquake  along  the 
southwest  extension  of  the  presumed  New  Madrid  Fault  system.  The  ground  motions 
used  to  represent  this  seismic  event  were  developed  by  the  U.S.  Geological  Survey 
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(USGS)  for  the  middle  fault  in  the  proposed  New  Madrid  Seismic  Zone  (NMSZ).  Each 
fault  line  is  presumed  to  consist  of  three  fault  segments;  northern,  central  and  southern. 
Based  on  the  recommendation  of  the  Arkansas  State  Geologic  Survey  the  southwest 
segment  of  the  middle  fault  is  taken  as  the  worst  case  scenario  for  the  State  of  Arkansas. 

As  with  Alabama,  residential  structures  and  wood  construction  are  the  most  prevalent 
types  on  buildings  in  Arkansas.  Of  the  roughly  50,000  completely  damaged  buildings 
98%  are  residential  structures.  Over  70%  of  all  completely  damaged  buildings  are  single 
family  homes.  An  additional  61,500  buildings  incur  moderate  or  severe  damage. 
Approximately  60,000  of  these  buildings  are  residential  structures,  which  contributes  to 
over  110,000  residential  buildings  with  moderate  or  more  severe  damage.  All  cases  of 
complete  damage  occur  in  the  34  critical  counties  and  nearly  all  moderate  and  severe 
damage  occurs  there  as  well.  With  this  much  damage  concentrated  in  the  northeast  corner 
of  Arkansas  many  residents  will  be  displaced. 


Table  60:  Damage  by  General  Occupancy  Type  for  the  State  of  Arkansas 


General  Occupancy  Type  Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

936,609 

38,644 

35,742 

Other  Residential 

195,818 

21,792 

13,626 

Commercial 

8,078 

796 

555 

Industrial 

1,461 

155 

174 

Other 

1,169 

102 

62 

Total 

1,143,135 

61,489 

50,159 

Table  61:  Damage  by  General  Occupancy  Type  for  the  34  Critical  Counties 


General  Occupancy  Type  Damage  (34  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

462,154 

38,342 

35,742 

Other  Residential 

93,812 

20,287 

13,626 

Commercial 

4,406 

781 

555 

Industrial 

815 

153 

174 

Other 

706 

96 

62 

Total 

561,893 

59,659 

50,159 

Wood  buildings  comprise  a  much  greater  proportion  of  total  building  damage  in 
Arkansas  than  they  did  in  Alabama.  Nearly  60%  of  all  complete  damage  occurs  in  wood 
buildings  and  over  50%  of  all  moderate  and  more  severe  damage  cases.  Mobile  homes 
and  unreinforced  masonry  contribute  almost  entirely  to  the  remaining  damage.  Roughly 
30,000  cases  of  at  least  moderate  damage  are  attributed  to  mobile  homes  and  another 
20,000  attributed  to  unreinforced  masonry  buildings.  Steel,  concrete,  precast  concrete  and 
reinforced  masonry  contribute  only  a  small  portion  of  damage  cases  at  each  severity  level, 
largely  due  to  the  lack  of  inventory. 
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Table  62:  Building  Damage  by  Building  Type  for  State  of  Arkansas 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

718,424 

58,893 

22,688 

6,744 

28,425 

Steel 

2,398 

295 

218 

152 

332 

Concrete 

776 

92 

58 

47 

81 

Precast 

820 

97 

89 

53 

100 

Reinforced  Masonry 

444 

35 

33 

28 

65 

Unreinforced  Masonry 

96,398 

13,474 

7,340 

4,011 

9,334 

Mobile  Home 

115,965 

23,376 

12,704 

7,324 

1 1 ,822 

Total 

935,225 

96,262 

43,130 

18,359 

50,159 

Essential  facilities  include  hospitals,  schools,  emergency  operation  centers  (EOCs), 
police  stations  and  fire  stations.  The  severe  shaking  in  eastern  Arkansas  counties 
generates  numerous  cases  of  damage  to  essential  facilities.  Of  the  1,330  fire  stations  in 
the  State  of  Arkansas,  151  are  at  least  moderately  damaged  with  63  of  those  being 
completely  damaged.  All  of  these  damaged  facilities  are  located  in  the  34  critical  counties 
in  the  northeast  portion  of  the  state.  Nearly  200  school  and  100  police  stations  are  at  least 
moderately  damage.  This  equates  to  roughly  15%  of  all  schools  and  20%  of  all  police 
stations  in  Arkansas. 


The  operational  capabilities  of  essential  facilities  are  also  reduced,  particularly  in  the  34 
critical  counties.  Within  northeastern  Arkansas  alone,  nearly  200  fire  stations  and  250 
schools  are  not  functioning  the  day  after  the  earthquake.  Additionally,  over  100  police 
stations  are  not  operational.  Limited  functionality  of  facilities  will  likely  limit  the 
emergency  services  provided  by  firefighters  and  law  enforcement  officers  in  the  chaotic 
aftermath  of  a  catastrophic  earthquake.  Furthermore,  schools  that  are  frequently  used  as 
public  shelters  will  not  be  available  in  some  of  the  heavily  damaged  areas. 


Table  63:  Essential  Facilities  Damage  &  Functionality  for  the  State  of  Arkansas3 


Essential  Facilities  Damage  &  Functionality  (State) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

103 

18 

10 

63 

Schools 

1,254 

188 

106 

995 

EOCs 

11 

1 

1 

10 

Police  Stations 

515 

94 

43 

398 

Fire  Stations 

1,330 

151 

63 

1,139 

3  For  Tables  63-73  the  following  method  is  used  to  determine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MF1  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.).  In  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged’. 
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Table  64:  Essential  Facilities  Damage  &  Functionality  for  the  34  Critical  Counties 


Essential  Facilities  Damage  &  Functionality  (34  Critical  Counties) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

49 

18 

10 

10 

Schools 

613 

188 

106 

353 

EOCs 

5 

1 

1 

4 

Police  Stations 

267 

94 

43 

150 

Fire  Stations 

575 

151 

63 

384 

Damage  to  transportation  lifelines  is  most  substantial  in  northeast  Arkansas  and  the  34 
critical  counties.  Nearly  700  bridges  incur  at  least  moderate  damage  while  nearly  300  of 
those  are  completely  damaged.  Nearly  700  bridges  are  not  functioning  at  full  capacity 
immediately  after  the  earthquake  due  to  the  extensive  structural  damage  to  bridges  in  the 
areas  of  most  intense  shaking.  The  remaining  bridges  are  largely  unaffected.  Airport 
damage  follows  a  trend  similar  to  that  of  bridges.  All  damaged  airport  facilities  are 
located  in  the  critical  counties,  with  36  at  least  moderately  damaged  airports.  In  addition, 
numerous  ports  and  railway  facilities  in  the  northeast  portion  of  the  state  are  damaged 
and  not  functioning  in  the  immediate  aftermath  of  the  earthquake. 


Table  65:  Highway  Bridge  Damage  Assessments 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

2,883 

688 

290 

2,197 

Remaining  Counties 

2,751 

0 

0 

2,751 

Total  State 

5,634 

688 

290 

4,948 

Table  66:  Airport  Damage  Assessments 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Airports 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

172 

36 

5 

156 

Remaining  Counties 

142 

0 

0 

142 

Total  State 

314 

36 

5 

298 
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Table  67:  Transportation  System  Damage  for  State  of  Arkansas 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 
Damage 
(Damage  >50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

2,808 

0 

0 

2,808 

Bridges 

5,634 

688 

290 

4,948 

Tunnels 

2 

0 

0 

2 

Railways 

Segments 

3,460 

0 

0 

3,460 

Bridges 

48 

4 

0 

44 

Tunnels 

0 

0 

0 

0 

Facilities 

68 

14 

0 

58 

Bus 

Facilities 

16 

1 

0 

16 

Light  Rail 

Segments 

0 

0 

0 

0 

Bridges 

0 

0 

0 

0 

Facilities 

0 

0 

0 

0 

Ferry 

Facilities 

1 

1 

1 

0 

Port 

Facilities 

99 

17 

7 

88 

Airport 

Facilities 

314 

36 

5 

298 

Runways 

238 

0 

0 
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Communication  and  waste  water  facilities  incur  the  most  cases  of  damage  with 
approximately  60  at  least  moderately  damaged  facilities  each.  All  cases  of  damage  occur 
in  the  critical  counties,  severely  inhibiting  the  operation  of  these  facilities  and  other 
utility  facilities  in  the  same  area.  Nearly  125  waste  water  facilities  are  not  operating  the 
day  after  the  earthquake.  Another  30  communication  facilities  and  10  electric  power 
facilities  are  not  functioning  over  the  same  period  of  time.  This  loss  of  functionality  will 
inhibit  the  services  provided  to  residents  in  the  areas  with  the  most  sever  damage. 


Table  68:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

31 

2 

1 

29 

Remaining  Counties 

38 

0 

0 

38 

Total  State 

69 

2 

1 

67 

Table  69:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of  Waste 
Water  Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

229 

66 

6 

105 

Remaining  Counties 

182 

0 

0 

182 

Total  State 

411 

66 

6 

287 
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Table  70:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

18 

2 

0 

16 

Remaining  Counties 

79 

0 

0 

79 

Total  State 

97 

2 

0 

95 

Table  71:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

5 

2 

0 

2 

Remaining  Counties 

5 

0 

0 

5 

Total  State 

10 

2 

0 

7 

Table  72:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

29 

8 

1 

18 

Remaining  Counties 

27 

0 

0 

27 

Total  State 

56 

8 

1 

45 

Table  73:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

34  Critical  Counties 

284 

59 

5 

253 

Remaining  Counties 

341 

0 

0 

341 

Total  State 

625 

59 

5 

594 

There  are  several  hundred  thousand  miles  of  local  distribution  lines  in  the  State  of 
Arkansas  and  many  networks  in  the  critical  counties  are  severely  impacted.  Potable  water 
lines  show  the  greatest  amount  of  both  breaks  and  leaks  at  over  29,500  and  19,500, 
respectively.  Local  natural  gas  lines,  however;  show  the  greatest  break  and  leak  rates  per 
length  of  pipe  at  roughly  0.22  leaks/mile  (1  leak  every  4.6  miles)  or  0.32  breaks/mile 
(roughly  1  break  every  3.1  miles).  In  addition,  local  and  regional  damage  to  natural  gas 
lines  can  be  combined  for  a  total  state  damage  estimate  of  16,756  leaks  and  26,481 
breaks  over  the  combined  length  of  86,153  miles  of  natural  gas  pipeline. 
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Potable  water  service  is  cut  off  for  over  175,000  residences  the  day  after  the  scenario 
earthquake.  This  is  reduced  to  171,200  residences  within  a  week  and  nearly  80,000 
customers  are  still  without  service  after  three  months.  These  estimates  are  calculated 
from  a  formula  that  uses  the  damage  to  the  distribution  system  to  determine  the  repair 
rate.  This  period  of  time  without  water  prevents  tens  of  thousands  of  people  from 
remaining  in  their  homes  in  the  weeks  and  months  following  the  earthquake.  Electric 
power  service  shows  similar  trends,  with  about  95,000  service  outages  the  day  after  the 
earthquake,  or  over  9%  of  all  state  residences.  Even  a  month  after  the  earthquake  over 
13,500  residences  are  still  without  power.  Electric  power  lines  are  presumed  to  be  above 
ground  and  less  likely  to  incur  damage  from  moderate  ground  shaking  unlike  buried 
pipelines  that  are  vulnerable  to  damage  from  liquefaction  and  ground  deformation. 


Table  74:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

191,084 

19,677 

29,763 

Waste  Water  -  Local 

114,650 

15,563 

23,540 

Natural  Gas  -  Regional 

9,719 

393 

1,317 

Natural  Gas  -  Local 

76,434 

16,636 

25,164 

Oil  -  Regional 

2,171 

89 

335 

Table  75:  Utility  Service  Interruptions 


Utilit 

/  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

Electric  Power 

1,042,696 

175,565 

95,309 

174,382 

68,561 

171,216 

39,398 

132,672 

13,541 

79,737 

112 

A  NOTE  ON  THE  DETERMINATION  OF  DAMAGE  TO  INFRASTRUCTURE: 

The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  levels  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  the  report  and  are  discussed  herein. 

Some  of  the  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  format  employed  to  generate  the  HAZUS- 
MH  MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage 
state  likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods 
for  all  facilities  of  a  given  type  in  a  specific  county. 

The  damage  estimates  shown  previously  for  corresponding  infrastructure  types  are  based 
on  a  different  set  of  criteria  as  discussed  in  footnote  (3)  and  employed  for  the  preceding 
damage  tables.  Both  methods  are  employed  in  HAZUS-MH  MR2  and  are  valid 
estimation  methodologies,  though  they  generate  different  estimations  of  county  damage 
for  a  specific  facility  type.  Consider  the  following  comparison: 
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•  Mississippi  County,  Arkansas  -  147  Highway  Bridges 
o  Estimation  procedure  according  to  footnote  3: 

■  Summation  of  individual  facilities  after  that  facility  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  147  at  least  moderately 
damaged  highway  bridges 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  waste  water  facilities  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  facilities  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
facilities  in  the  county  provides  an  estimate  of  133  at  least 
moderately  damaged  highway  bridges 

In  the  case  of  Mississippi  County,  Arkansas,  the  topic  damage  tables  in  this  appendix 
provide  a  lower  estimate  of  damage  as  opposed  to  the  facility-by-facility  damage 
summation  detailed  in  footnote  (3).  Though  not  illustrated  here,  other  counties  in 
Arkansas  are  estimated  to  incur  greater  damage  when  this  averaging  estimation  procedure 
is  used.  Comparing  the  total  number  of  at  least  moderately  damaged  highway  bridges  for 
the  34  critical  counties  in  Arkansas  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  highway  bridges 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  774  at  least  moderately  damaged  highway  bridges 

o  Total  number  of  at  least  moderately  damaged  highway  bridges 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  688  at  least  moderately  damaged  highway  bridges 

Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  greater  damage  when  summed  for  the  34  critical  counties.  Other 
infrastructure  categories  may  or  may  not  follow  this  trend  thus  requiring  an  investigation 
of  each  infrastructure  type  separately.  This  is  not  undertaken  here,  though  it  can  be  done 
with  the  information  provided  in  this  appendix  for  the  NMSZ  scenario  in  Arkansas. 

The  following  tables  provide  damage  and  functionality  estimates  for  the  NMSZ  scenario 
critical  counties  in  Arkansas.  These  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  the  four  damage  levels  for  a  county. 
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Table  76:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Arkansas 

Single  Family 

6,984 

950 

119 

5 

0 

8,058 

Other  Residential 

288 

266 

322 

489 

90 

1,455 

Commercial 

14 

15 

13 

9 

3 

54 

Industrial 

2 

2 

2 

2 

0 

8 

Other 

3 

2 

3 

2 

0 

10 

Baxter 

Single  Family 

16,077 

102 

7 

0 

0 

16,186 

Other  Residential 

3,391 

317 

39 

0 

0 

3,747 

Commercial 

119 

3 

0 

0 

0 

122 

Industrial 

28 

1 

0 

0 

0 

29 

Other 

15 

0 

0 

0 

0 

15 

Clay 

Single  Family 

1,726 

2,883 

1,356 

296 

1,225 

7,486 

Other  Residential 

15 

83 

281 

306 

234 

919 

Commercial 

0 

3 

9 

8 

6 

26 

Industrial 

0 

1 

2 

2 

2 

7 

Other 

0 

0 

1 

1 

0 

2 

Cleburne 

Single  Family 

10,485 

227 

25 

1 

0 

10,738 

Other  Residential 

2,588 

492 

182 

4 

0 

3,266 

Commercial 

80 

3 

0 

0 

0 

83 

Industrial 

21 

1 

0 

0 

0 

22 

Other 

9 

0 

0 

0 

0 

9 

Cleveland 

Single  Family 

2,615 

356 

44 

2 

0 

3,017 

Other  Residential 

434 

367 

205 

5 

0 

1,011 

Commercial 

2 

1 

0 

0 

0 

3 

Industrial 

1 

0 

0 

0 

0 

1 

Other 

2 

0 

0 

0 

0 

2 

Craighead 

Single  Family 

2,179 

9,693 

8,301 

1,726 

6,021 

27,920 

Other  Residential 

91 

432 

907 

1,193 

1,974 

4,597 

Commercial 

0 

6 

68 

135 

212 

421 

Industrial 

0 

2 

12 

27 

56 

97 

Other 

0 

2 

4 

9 

18 

33 

Crittenden 

Single  Family 

3,680 

5,062 

1,995 

434 

4,371 

15,542 

Other  Residential 

148 

182 

240 

559 

1,812 

2,941 

Commercial 

1 

4 

21 

32 

74 

132 

Industrial 

0 

0 

1 

3 

19 

23 

Other 

1 

2 

3 

3 

10 

19 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Cross 

Single  Family 

1,647 

1,994 

717 

175 

1,327 

5,860 

Other  Residential 

37 

51 

215 

528 

1,169 

2,000 

Commercial 

0 

2 

9 

12 

19 

42 

Industrial 

0 

0 

0 

1 

4 

5 

Other 

1 

1 

2 

4 

7 

15 

Desha 

Single  Family 

4,565 

466 

58 

3 

0 

5,092 

Other  Residential 

621 

323 

169 

4 

0 

1,117 

Commercial 

28 

10 

4 

0 

0 

42 

Industrial 

8 

2 

1 

0 

0 

11 

Other 

9 

3 

1 

0 

0 

13 

Faulkner 

Single  Family 

25,441 

162 

11 

0 

0 

25,614 

Other  Residential 

6,920 

599 

73 

0 

0 

7,592 

Commercial 

230 

6 

1 

0 

0 

237 

Industrial 

83 

2 

0 

0 

0 

85 

Other 

55 

1 

0 

0 

0 

56 

Fulton 

Single  Family 

4,834 

31 

2 

0 

0 

4,867 

Other  Residential 

1,162 

113 

14 

0 

0 

1,289 

Commercial 

25 

1 

0 

0 

0 

26 

Industrial 

13 

0 

0 

0 

0 

13 

Other 

4 

0 

0 

0 

0 

4 

Grant 

Single  Family 

4,954 

174 

20 

1 

0 

5,149 

Other  Residential 

1,668 

405 

169 

4 

0 

2,246 

Commercial 

16 

0 

0 

0 

0 

16 

Industrial 

3 

0 

0 

0 

0 

3 

Other 

2 

0 

0 

0 

0 

2 

Greene 

Single  Family 

1,181 

5,117 

4,281 

839 

1,961 

13,379 

Other  Residential 

32 

214 

727 

828 

760 

2,561 

Commercial 

1 

9 

30 

28 

26 

94 

Industrial 

0 

0 

2 

4 

7 

13 

Other 

0 

1 

2 

2 

1 

6 

Independence 

Single  Family 

10,526 

1,432 

179 

8 

0 

12,145 

Other  Residential 

1,341 

1,079 

599 

14 

0 

3,033 

Commercial 

61 

26 

11 

1 

0 

99 

Industrial 

3 

2 

1 

0 

0 

6 

Other 

5 

2 

1 

0 

0 

8 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Izard 

Single  Family 

5,057 

32 

2 

0 

0 

5,091 

Other  Residential 

1,336 

131 

16 

0 

0 

1,483 

Commercial 

45 

1 

0 

0 

0 

46 

Industrial 

5 

0 

0 

0 

0 

5 

Other 

7 

0 

0 

0 

0 

7 

Jackson 

Single  Family 

2,218 

2,082 

580 

179 

1,542 

6,601 

Other  Residential 

75 

135 

312 

298 

256 

1,076 

Commercial 

1 

6 

17 

13 

17 

54 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

1 

2 

1 

4 

Jefferson 

Single  Family 

24,397 

3,319 

414 

19 

0 

28,149 

Other  Residential 

2,288 

1,647 

895 

22 

0 

4,852 

Commercial 

120 

51 

21 

1 

0 

193 

Industrial 

19 

9 

4 

0 

0 

32 

Other 

25 

9 

3 

0 

0 

37 

Lawrence 

Single  Family 

3,696 

1,725 

427 

120 

1,149 

7,117 

Other  Residential 

304 

272 

209 

74 

79 

938 

Commercial 

2 

4 

8 

6 

7 

27 

Industrial 

1 

0 

1 

1 

1 

4 

Other 

0 

0 

1 

1 

1 

3 

Lee 

Single  Family 

1,132 

1,062 

296 

91 

885 

3,466 

Other  Residential 

42 

90 

241 

233 

253 

859 

Commercial 

0 

1 

3 

2 

3 

9 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

1 

0 

1 

2 

Lincoln 

Single  Family 

2,950 

401 

50 

2 

0 

3,403 

Other  Residential 

713 

583 

325 

8 

0 

1,629 

Commercial 

9 

4 

1 

0 

0 

14 

Industrial 

2 

1 

1 

0 

0 

4 

Other 

4 

1 

1 

0 

0 

6 

Lonoke 

Single  Family 

14,602 

2,531 

307 

14 

130 

17,584 

Other  Residential 

1,871 

1,470 

864 

176 

88 

4,469 

Commercial 

38 

20 

10 

4 

1 

73 

Industrial 

8 

4 

4 

3 

1 

20 

Other 

9 

4 

1 

0 

0 

14 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Mississippi 

Single  Family 

89 

636 

3,231 

4,251 

8,327 

16,534 

Other  Residential 

3 

29 

196 

408 

3,517 

4,153 

Commercial 

0 

0 

0 

2 

108 

110 

Industrial 

0 

0 

0 

0 

19 

19 

Other 

0 

0 

0 

0 

14 

14 

Monroe 

Single  Family 

2,565 

838 

192 

50 

10 

3,655 

Other  Residential 

163 

194 

300 

370 

66 

1,093 

Commercial 

3 

4 

7 

5 

i 

20 

Industrial 

1 

1 

1 

1 

0 

4 

Other 

1 

1 

2 

1 

0 

5 

Phillips 

Single  Family 

5,494 

1,198 

231 

52 

1,417 

8,392 

Other  Residential 

394 

247 

254 

345 

325 

1,565 

Commercial 

9 

10 

12 

8 

9 

48 

Industrial 

1 

1 

1 

1 

2 

6 

Other 

2 

2 

2 

2 

1 

9 

Poinsett 

Single  Family 

521 

1,658 

1,996 

1,110 

3,458 

8,743 

Other  Residential 

6 

43 

128 

284 

1,433 

1,894 

Commercial 

0 

0 

2 

5 

44 

51 

Industrial 

0 

0 

0 

1 

46 

47 

Other 

0 

0 

1 

1 

5 

7 

Prairie 

Single  Family 

3,237 

440 

55 

3 

0 

3,735 

Other  Residential 

187 

201 

250 

382 

71 

1,091 

Commercial 

4 

4 

3 

2 

1 

14 

Industrial 

0 

0 

1 

1 

0 

2 

Other 

3 

2 

2 

2 

0 

9 

Pulaski 

Single  Family 

115,814 

12,843 

1,564 

71 

2 

130,294 

Other  Residential 

9,898 

3,781 

1,792 

45 

0 

15,516 

Commercial 

1,338 

418 

171 

12 

0 

1,939 

Industrial 

153 

61 

33 

3 

0 

250 

Other 

238 

71 

26 

1 

0 

336 

Randolph 

Single  Family 

4,493 

1,661 

381 

100 

470 

7,105 

Other  Residential 

419 

369 

224 

43 

112 

1,167 

Commercial 

3 

4 

9 

6 

2 

24 

Industrial 

1 

1 

5 

6 

2 

15 

Other 

1 

0 

1 

1 

0 

3 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Saint  Francis 

Single  Family 

3,129 

2,936 

818 

254 

1,019 

8,156 

Other  Residential 

127 

252 

674 

714 

496 

2,263 

Commercial 

1 

6 

17 

12 

8 

44 

Industrial 

0 

3 

9 

9 

10 

31 

Other 

1 

1 

1 

0 

0 

3 

Sharp 

Single  Family 

7,318 

720 

89 

4 

0 

8,131 

Other  Residential 

864 

312 

151 

3 

0 

1,330 

Commercial 

39 

15 

6 

0 

0 

60 

Industrial 

3 

1 

1 

0 

0 

5 

Other 

7 

2 

1 

0 

0 

10 

Stone 

Single  Family 

4,328 

28 

2 

0 

0 

4,358 

Other  Residential 

1,275 

125 

15 

0 

0 

1,415 

Commercial 

46 

1 

0 

0 

0 

47 

Industrial 

7 

0 

0 

0 

0 

7 

Other 

10 

0 

0 

0 

0 

10 

Van  Buren 

Single  Family 

6,875 

44 

3 

0 

0 

6,922 

Other  Residential 

1,859 

179 

22 

0 

0 

2,060 

Commercial 

41 

1 

0 

0 

0 

42 

Industrial 

9 

0 

0 

0 

0 

9 

Other 

16 

0 

0 

0 

0 

16 

White 

Single  Family 

16,279 

2,172 

363 

61 

1,618 

20,493 

Other  Residential 

2,723 

1,543 

1,102 

427 

681 

6,476 

Commercial 

117 

37 

17 

3 

11 

185 

Industrial 

14 

7 

4 

1 

4 

30 

Other 

9 

2 

1 

0 

1 

13 

Woodruff 

Single  Family 

1,035 

972 

271 

84 

810 

3,172 

Other  Residential 

24 

66 

206 

203 

210 

709 

Commercial 

0 

i 

3 

2 

3 

9 

Industrial 

0 

0 

0 

1 

1 

2 

Other 

0 

0 

1 

1 

2 

4 
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Table  77:  Hospital  Functionality 


Total  # 
of  Beds 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Counties 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

Arkansas 

74 

13 

17.00 

13 

17.50 

29 

39.80 

64 

86.60 

69 

93.20 

Baxter 

268 

258 

96.40 

259 

96.50 

266 

99.30 

268 

99.90 

268 

99.90 

Clay 

25 

0 

0.40 

0 

0.40 

1 

2.60 

7 

28.80 

14 

55.20 

Cleburne 

25 

24 

96.40 

24 

96.50 

25 

99.30 

25 

99.90 

25 

99.90 

Cleveland 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Craighead 

594 

0 

0.00 

0 

0.00 

0 

0.00 

12 

2.00 

82 

13.80 

Crittenden 

152 

0 

0.00 

0 

0.00 

0 

0.00 

2 

1.60 

17 

10.90 

Cross 

15 

0 

0.00 

0 

0.00 

0 

0.00 

0 

1.60 

2 

10.90 

Desha 

60 

43 

72.05 

43 

72.40 

52 

86.45 

59 

98.75 

60 

99.35 

Faulkner 

149 

144 

96.40 

144 

96.50 

148 

99.30 

149 

99.90 

149 

99.90 

Fulton 

25 

24 

96.40 

24 

96.50 

25 

99.30 

25 

99.90 

25 

99.90 

Grant 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Greene 

129 

0 

0.00 

0 

0.00 

0 

0.00 

3 

2.00 

18 

13.80 

Independence 

185 

88 

47.70 

89 

48.30 

136 

73.60 

181 

97.60 

183 

98.80 

Izard 

25 

24 

96.40 

24 

96.50 

25 

99.30 

25 

99.90 

25 

99.90 

Jackson 

133 

0 

0.30 

0 

0.30 

3 

2.00 

30 

22.60 

58 

43.60 

Jefferson 

446 

213 

47.70 

215 

48.30 

328 

73.60 

435 

97.60 

441 

98.80 

Lawrence 

25 

0 

0.30 

0 

0.30 

1 

2.00 

6 

22.60 

11 

43.60 

Lee 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Lincoln 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Lonoke 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Mississippi 

193 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Monroe 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Phillips 

155 

20 

12.70 

20 

13.10 

46 

29.80 

101 

65.00 

108 

69.90 

Poinsett 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Prairie 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Pulaski 

3,888 

1993 

51.26 

2015 

51.82 

2934 

75.47 

3801 

97.77 

3845 

98.88 

Randolph 

50 

0 

0.40 

0 

0.50 

1 

2.70 

15 

30.20 

29 

58.10 

St.  Francis 

118 

0 

0.40 

0 

0.40 

3 

2.60 

34 

29.10 

66 

56.10 

Sharp 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

Stone 

25 

24 

96.40 

24 

96.50 

25 

99.30 

25 

99.90 

25 

99.90 

Van  Buren 

25 

24 

96.40 

24 

96.50 

25 

99.30 

25 

99.90 

25 

99.90 

White 

438 

209 

47.70 

212 

48.30 

322 

73.60 

427 

97.60 

433 

98.80 

Woodruff 

0 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 
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Table  78:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Arkansas 

8 

51.90 

Baxter 

6 

94.10 

Clay 

5 

0.56 

Cleburne 

6 

80.03 

Cleveland 

3 

51.90 

Craighead 

13 

0.09 

Crittenden 

14 

0.14 

Cross 

4 

0.25 

Desha 

10 

56.12 

Faulkner 

10 

94.10 

Fulton 

4 

94.10 

Grant 

2 

94.10 

Greene 

4 

0.50 

Independence 

2 

51.90 

Izard 

3 

94.10 

Jackson 

8 

0.60 

Jefferson 

12 

51.90 

Lawrence 

5 

21.12 

Lee 

2 

0.60 

Lincoln 

4 

51.90 

Lonoke 

9 

49.58 

Mississippi 

12 

0.00 

Monroe 

6 

34.90 

Phillips 

6 

36.85 

Poinsett 

7 

0.07 

Prairie 

4 

51.90 

Pulaski 

57 

53.74 

Randolph 

3 

0.70 

St.  Francis 

8 

0.65 

Sharp 

7 

63.96 

Stone 

2 

94.10 

Van  Buren 

3 

94.10 

White 

12 

47.08 

Woodruff 

6 

0.60 
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Table  79:  School  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Arkansas 

13 

51.90 

Baxter 

10 

94.10 

Clay 

7 

0.43 

Cleburne 

12 

83.55 

Cleveland 

5 

51.90 

Craighead 

39 

0.06 

Crittenden 

27 

0.30 

Cross 

7 

0.29 

Desha 

10 

68.78 

Faulkner 

38 

94.10 

Fulton 

5 

94.10 

Grant 

6 

94.10 

Greene 

17 

0.20 

Independence 

20 

51.90 

Izard 

9 

94.10 

Jackson 

7 

0.60 

Jefferson 

40 

51.90 

Lawrence 

14 

29.39 

Lee 

7 

6.07 

Lincoln 

3 

51.90 

Lonoke 

22 

48.72 

Mississippi 

30 

0.00 

Monroe 

5 

31.50 

Phillips 

15 

39.86 

Poinsett 

14 

0.07 

Prairie 

5 

51.90 

Pulaski 

142 

57.37 

Randolph 

10 

22.10 

St.  Francis 

13 

0.62 

Sharp 

8 

73.00 

Stone 

6 

94.10 

Van  Buren 

8 

94.10 

White 

34 

52.38 

Woodruff 

5 

0.60 
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Table  80:  Fire  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Arkansas 

13 

51.90 

Baxter 

25 

94.10 

Clay 

11 

0.49 

Cleburne 

19 

82.99 

Cleveland 

10 

51.90 

Craighead 

24 

0.19 

Crittenden 

17 

0.24 

Cross 

7 

0.21 

Desha 

9 

65.97 

Faulkner 

28 

94.10 

Fulton 

13 

94.10 

Grant 

11 

82.59 

Greene 

11 

0.38 

Independence 

19 

51.22 

Izard 

12 

94.10 

Jackson 

12 

0.60 

Jefferson 

23 

51.90 

Lawrence 

14 

25.20 

Lee 

6 

0.60 

Lincoln 

11 

51.90 

Lonoke 

23 

49.23 

Mississippi 

19 

0.00 

Monroe 

7 

44.61 

Phillips 

12 

42.21 

Poinsett 

9 

0.17 

Prairie 

14 

50.04 

Pulaski 

68 

62.35 

Randolph 

11 

32.99 

St.  Francis 

8 

0.61 

Sharp 

17 

66.79 

Stone 

22 

94.10 

Van  Buren 

24 

94.10 

White 

40 

44.16 

Woodruff 

6 

0.60 
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Table  81:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Arkansas 

8 

93.20 

98.90 

99.40 

99.90 

99.90 

Baxter 

12 

98.15 

99.65 

99.78 

99.90 

99.90 

Clay 

5 

59.10 

77.26 

81.76 

92.10 

98.54 

Cleburne 

4 

93.20 

98.90 

99.40 

99.90 

99.90 

Cleveland 

0 

0.00 

0.00 

0.00 

0.00 

0.00 

Craighead 

18 

50.37 

72.41 

79.09 

93.68 

98.83 

Crittenden 

9 

48.64 

66.72 

72.39 

86.64 

97.59 

Cross 

4 

51.13 

71.65 

77.68 

91.45 

98.45 

Desha 

4 

98.15 

99.65 

99.78 

99.90 

99.90 

Faulkner 

8 

98.15 

99.65 

99.78 

99.90 

99.90 

Fulton 

2 

93.20 

98.90 

99.40 

99.90 

99.90 

Grant 

9 

95.40 

99.23 

99.57 

99.90 

99.90 

Greene 

4 

53.30 

76.30 

82.80 

96.30 

99.30 

Independence 

29 

91.12 

98.18 

98.90 

99.81 

99.89 

Izard 

2 

93.20 

98.90 

99.40 

99.90 

99.90 

Jackson 

2 

76.25 

91.35 

93.45 

97.45 

99.50 

Jefferson 

23 

93.20 

98.90 

99.40 

99.90 

99.90 

Lawrence 

8 

74.10 

88.70 

90.80 

95.40 

99.10 

Lee 

2 

74.10 

88.70 

90.80 

95.40 

99.10 

Lincoln 

1 

93.20 

98.90 

99.40 

99.90 

99.90 

Lonoke 

6 

93.20 

98.90 

99.40 

99.90 

99.90 

Mississippi 

12 

24.63 

35.57 

44.74 

71.48 

94.92 

Monroe 

2 

78.40 

94.00 

96.10 

99.50 

99.90 

Phillips 

7 

77.17 

92.49 

94.59 

98.33 

99.67 

Poinsett 

5 

29.56 

43.90 

53.12 

78.08 

96.10 

Prairie 

2 

74.10 

88.70 

90.80 

95.40 

99.10 

Pulaski 

62 

96.61 

99.42 

99.66 

99.90 

99.90 

Randolph 

4 

77.33 

92.68 

94.78 

98.48 

99.70 

St.  Francis 

4 

63.23 

83.53 

87.68 

96.13 

99.28 

Sharp 

3 

93.20 

98.90 

99.40 

99.90 

99.90 

Stone 

8 

93.20 

98.90 

99.40 

99.90 

99.90 

Van  Buren 

3 

99.80 

99.90 

99.90 

99.90 

99.90 

White 

11 

83.00 

94.82 

96.34 

98.90 

99.75 

Woodruff 

1 

74.10 

88.70 

90.80 

95.40 

99.10 
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Table  82:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Arkansas 

8,457 

0.00 

0.00 

0.00 

0.00 

0.00 

Baxter 

17,052 

0.00 

0.00 

0.00 

0.00 

0.00 

Clay 

7,417 

97.90 

97.64 

96.98 

83.43 

0.00 

Cleburne 

10,190 

0.00 

0.00 

0.00 

0.00 

0.00 

Cleveland 

3,273 

0.00 

0.00 

0.00 

0.00 

0.00 

Craighead 

32,301 

99.78 

99.77 

99.75 

99.54 

96.69 

Crittenden 

18,471 

99.87 

99.86 

99.84 

99.68 

95.50 

Cross 

7,391 

99.81 

99.80 

99.77 

99.34 

23.43 

Desha 

5,922 

0.00 

0.00 

0.00 

0.00 

0.00 

Faulkner 

31,882 

0.00 

0.00 

0.00 

0.00 

0.00 

Fulton 

4,810 

0.00 

0.00 

0.00 

0.00 

0.00 

Grant 

6,241 

0.00 

0.00 

0.00 

0.00 

0.00 

Greene 

14,750 

98.81 

98.69 

98.41 

94.14 

0.00 

Independence 

13,467 

0.00 

0.00 

0.00 

0.00 

0.00 

Izard 

5,440 

0.00 

0.00 

0.00 

0.00 

0.00 

Jackson 

6,971 

97.04 

96.61 

95.50 

63.29 

0.00 

Jefferson 

30,555 

0.00 

0.00 

0.00 

0.00 

0.00 

Lawrence 

7,108 

90.49 

88.51 

82.75 

0.00 

0.00 

Lee 

4,182 

98.18 

97.92 

97.25 

78.12 

0.00 

Lincoln 

4,265 

0.00 

0.00 

0.00 

0.00 

0.00 

Lonoke 

19,262 

0.00 

0.00 

0.00 

0.00 

0.00 

Mississippi 

19,349 

99.94 

99.94 

99.93 

99.90 

99.61 

Monroe 

4,105 

0.00 

0.00 

0.00 

0.00 

0.00 

Phillips 

9,711 

86.58 

84.23 

77.84 

0.00 

0.00 

Poinsett 

10,026 

99.90 

99.89 

99.88 

99.79 

98.34 

Prairie 

3,894 

0.00 

0.00 

0.00 

0.00 

0.00 

Pulaski 

147,942 

0.00 

0.00 

0.00 

0.00 

0.00 

Randolph 

7,265 

81.36 

77.14 

64.69 

0.00 

0.00 

St.  Francis 

10,043 

98.76 

98.65 

98.38 

94.81 

0.00 

Sharp 

7,211 

0.00 

0.00 

0.00 

0.00 

0.00 

Stone 

4,768 

0.00 

0.00 

0.00 

0.00 

0.00 

Van  Buren 

6,825 

0.00 

0.00 

0.00 

0.00 

0.00 

White 

25,148 

84.76 

83.16 

79.30 

21.29 

0.00 

Woodruff 

3,531 

98.19 

97.93 

97.28 

79.33 

0.00 
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Table  83:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Arkansas 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Baxter 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Clay 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Cleburne 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Cleveland 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Craighead 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Crittenden 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Cross 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Desha 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Faulkner 

3 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Fulton 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Grant 

2 

73.3% 

20.4% 

5.8% 

0.5% 

0.0% 

Greene 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Independence 

1 

49.6% 

37.3% 

11.3% 

1.0% 

0.8% 

Izard 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Jackson 

2 

18.4% 

39.3% 

28.7% 

6.1% 

7.6% 

Jefferson 

2 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Lawrence 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Lee 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Lincoln 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Lonoke 

3 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Mississippi 

2 

0.3% 

4.5% 

19.9% 

33.2% 

42.1% 

Monroe 

1 

19.7% 

42.2% 

30.8% 

6.6% 

0.7% 

Phillips 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Poinsett 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Prairie 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Pulaski 

7 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Randolph 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

St.  Francis 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Sharp 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Stone 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Van  Buren 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

White 

3 

29.4% 

39.7% 

23.6% 

4.5% 

2.8% 

Woodruff 

0 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 
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Table  84:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Arkansas 

2,019 

87 

22 

Baxter 

1,634 

9 

2 

Clay 

1,342 

541 

1,244 

Cleburne 

1,390 

8 

2 

Cleveland 

995 

24 

6 

Craighead 

2,085 

2,094 

3,852 

Crittenden 

1,552 

1,828 

3,306 

Cross 

1,212 

1,033 

2,355 

Desha 

1,266 

48 

12 

Faulkner 

1,828 

10 

2 

Fulton 

1,345 

7 

2 

Grant 

1,453 

8 

2 

Greene 

1,472 

669 

1,648 

Independence 

1,567 

22 

5 

Izard 

1,267 

7 

2 

Jackson 

1,234 

411 

1,015 

Jefferson 

2,429 

90 

23 

Lawrence 

1,143 

225 

586 

Lee 

1,122 

418 

1,100 

Lincoln 

1,102 

47 

12 

Lonoke 

1,993 

74 

34 

Mississippi 

2,082 

6,307 

5,503 

Monroe 

1,069 

123 

31 

Phillips 

1,446 

280 

622 

Poinsett 

1,716 

3,179 

3,944 

Prairie 

1,297 

56 

14 

Pulaski 

3,414 

38 

10 

Randolph 

1,233 

139 

449 

St.  Francis 

1,633 

754 

1,798 

Sharp 

1,387 

8 

2 

Stone 

1,104 

6 

2 

Van  Buren 

1,543 

8 

2 

White 

2,388 

326 

945 

Woodruff 

1,141 

425 

1,119 
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Table  85:  Households  without  Electric  Power  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Arkansas 

8,457 

0.00 

0.00 

0.00 

0.00 

0.00 

Baxter 

17,052 

0.00 

0.00 

0.00 

0.00 

0.00 

Clay 

7,417 

49.79 

30.24 

12.00 

2.74 

0.07 

Cleburne 

10,190 

0.00 

0.00 

0.00 

0.00 

0.00 

Cleveland 

3,273 

0.00 

0.00 

0.00 

0.00 

0.00 

Craighead 

32,301 

83.37 

56.82 

28.43 

8.55 

0.10 

Crittenden 

18,471 

81.20 

55.59 

30.85 

11.14 

0.10 

Cross 

7,391 

76.94 

48.21 

24.00 

8.48 

0.09 

Desha 

5,922 

0.00 

0.00 

0.00 

0.00 

0.00 

Faulkner 

31,882 

0.00 

0.00 

0.00 

0.00 

0.00 

Fulton 

4,810 

0.00 

0.00 

0.00 

0.00 

0.00 

Grant 

6,241 

0.00 

0.00 

0.00 

0.00 

0.00 

Greene 

14,750 

80.47 

51.11 

22.31 

5.88 

0.10 

Independence 

13,467 

0.00 

0.00 

0.00 

0.00 

0.00 

Izard 

5,440 

0.00 

0.00 

0.00 

0.00 

0.00 

Jackson 

6,971 

0.00 

0.00 

0.00 

0.00 

0.00 

Jefferson 

30,555 

0.00 

0.00 

0.00 

0.00 

0.00 

Fawrence 

7,108 

0.00 

0.00 

0.00 

0.00 

0.00 

Fee 

4,182 

0.00 

0.00 

0.00 

0.00 

0.00 

Fincoln 

4,265 

0.00 

0.00 

0.00 

0.00 

0.00 

Fonoke 

19,262 

0.00 

0.00 

0.00 

0.00 

0.00 

Mississippi 

19,349 

94.93 

84.98 

63.88 

24.83 

0.10 

Monroe 

4,105 

0.00 

0.00 

0.00 

0.00 

0.00 

Phillips 

9,711 

0.00 

0.00 

0.00 

0.00 

0.00 

Poinsett 

10,026 

91.19 

75.58 

51.56 

19.01 

0.10 

Prairie 

3,894 

0.00 

0.00 

0.00 

0.00 

0.00 

Pulaski 

147,942 

0.00 

0.00 

0.00 

0.00 

0.00 

Randolph 

7,265 

0.00 

0.00 

0.00 

0.00 

0.00 

St.  Francis 

10,043 

46.02 

25.64 

10.27 

3.12 

0.06 

Sharp 

7,211 

0.00 

0.00 

0.00 

0.00 

0.00 

Stone 

4,768 

0.00 

0.00 

0.00 

0.00 

0.00 

Van  Buren 

6,825 

0.00 

0.00 

0.00 

0.00 

0.00 

White 

25,148 

0.00 

0.00 

0.00 

0.00 

0.00 

Woodruff 

3,531 

0.00 

0.00 

0.00 

0.00 

0.00 
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Table  86:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Arkansas 

6 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Baxter 

4 

71.6% 

22.0% 

5.9% 

0.5% 

0.0% 

Clay 

10 

8.5% 

26.6% 

33.4% 

14.6% 

17.0% 

Cleburne 

2 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Cleveland 

3 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Craighead 

11 

2.4% 

15.4% 

33.8% 

24.6% 

23.8% 

Crittenden 

9 

3.5% 

17.7% 

33.3% 

22.1% 

23.5% 

Cross 

5 

4.3% 

20.8% 

34.7% 

18.8% 

21.3% 

Desha 

6 

57.8% 

31.9% 

9.5% 

0.8% 

0.1% 

Faulkner 

8 

85.0% 

11.8% 

3.0% 

0.2% 

0.0% 

Fulton 

2 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Grant 

2 

96.6% 

3.2% 

0.2% 

0.0% 

0.0% 

Greene 

4 

3.2% 

19.5% 

37.7% 

21.5% 

18.1% 

Independence 

4 

18.7% 

40.0% 

29.2% 

6.2% 

5.9% 

Izard 

6 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Jackson 

8 

18.4% 

39.3% 

28.7% 

6.1% 

7.6% 

Jefferson 

9 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Lawrence 

9 

18.7% 

39.9% 

29.2% 

6.2% 

6.1% 

Lee 

4 

18.4% 

39.3% 

28.7% 

6.1% 

7.6% 

Lincoln 

3 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Lonoke 

8 

50.0% 

37.6% 

11.3% 

1.0% 

0.2% 

Mississippi 

15 

0.2% 

2.8% 

16.7% 

35.0% 

45.3% 

Monroe 

3 

19.7% 

42.2% 

30.8% 

6.6% 

0.7% 

Phillips 

7 

22.9% 

39.0% 

26.2% 

5.4% 

6.5% 

Poinsett 

9 

2.6% 

11.6% 

23.1% 

26.7% 

36.0% 

Prairie 

5 

43.9% 

38.5% 

15.2% 

2.1% 

0.2% 

Pulaski 

28 

51.7% 

36.4% 

11.0% 

0.9% 

0.1% 

Randolph 

5 

18.9% 

40.4% 

29.5% 

6.3% 

4.8% 

St.  Francis 

8 

10.2% 

31.0% 

33.2% 

11.0% 

14.7% 

Sharp 

3 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Stone 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Van  Buren 

6 

57.8% 

31.9% 

9.5% 

0.8% 

0.1% 

White 

12 

26.5% 

39.3% 

24.7% 

4.9% 

4.6% 

Woodruff 

4 

18.4% 

39.3% 

28.7% 

6.1% 

7.6% 
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Table  87:  Waste  Water  Pipeline  Damage 


Counties 

Length  (km) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Arkansas 

1,212 

69 

17 

Baxter 

981 

7 

2 

Clay 

805 

428 

984 

Cleburne 

834 

6 

2 

Cleveland 

597 

19 

5 

Craighead 

1,251 

1,656 

3,046 

Crittenden 

931 

1,445 

2,615 

Cross 

727 

817 

1,863 

Desha 

759 

38 

10 

Faulkner 

1,097 

8 

2 

Fulton 

807 

6 

1 

Grant 

872 

6 

2 

Greene 

883 

529 

1,303 

Independence 

941 

17 

4 

Izard 

760 

5 

1 

Jackson 

740 

325 

803 

Jefferson 

1,457 

71 

18 

Lawrence 

686 

178 

463 

Lee 

673 

330 

870 

Lincoln 

661 

37 

9 

Lonoke 

1,196 

58 

27 

Mississippi 

1,249 

4,988 

4,352 

Monroe 

641 

97 

24 

Phillips 

868 

222 

492 

Poinsett 

1,030 

2,514 

3,119 

Prairie 

778 

44 

11 

Pulaski 

2,049 

30 

8 

Randolph 

740 

110 

355 

St.  Francis 

979 

596 

1,422 

Sharp 

832 

6 

1 

Stone 

662 

5 

1 

Van  Buren 

926 

7 

2 

White 

1,433 

257 

748 

Woodruff 

685 

336 

885 

263 


Table  88:  Highway  Bridge  Damage 


Counties 

#  of 
Bridge 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Arkansas 

61 

71.92% 

10.31% 

6.58% 

7.72% 

3.44% 

Baxter 

24 

96.36% 

2.34% 

0.81% 

0.42% 

0.06% 

Clay 

70 

52.33% 

9.30% 

6.24% 

7.99% 

24.12% 

Cleburne 

31 

96.72% 

2.18% 

0.68% 

0.35% 

0.05% 

Cleveland 

61 

95.95% 

3.05% 

0.63% 

0.31% 

0.04% 

Craighead 

124 

34.90% 

6.42% 

6.67% 

12.56% 

39.42% 

Crittenden 

147 

21.10% 

7.78% 

7.27% 

15.33% 

48.49% 

Cross 

83 

31.83% 

7.41% 

6.83% 

13.12% 

40.79% 

Desha 

37 

95.41% 

2.95% 

1.02% 

0.54% 

0.08% 

Faulkner 

90 

94.23% 

3.67% 

1.32% 

0.67% 

0.09% 

Fulton 

55 

94.50% 

3.54% 

1.24% 

0.62% 

0.08% 

Grant 

74 

95.35% 

3.25% 

0.89% 

0.44% 

0.06% 

Greene 

79 

48.01% 

9.84% 

6.18% 

8.51% 

27.43% 

Independence 

130 

92.68% 

2.76% 

0.64% 

0.53% 

3.37% 

Izard 

60 

96.23% 

2.48% 

0.82% 

0.41% 

0.05% 

Jackson 

71 

51.41% 

8.70% 

6.06% 

6.79% 

27.01% 

Jefferson 

92 

96.42% 

2.56% 

0.63% 

0.33% 

0.05% 

Lawrence 

68 

66.34% 

8.25% 

3.05% 

3.54% 

18.79% 

Lee 

43 

55.49% 

8.02% 

5.39% 

6.74% 

24.34% 

Lincoln 

40 

95.48% 

3.39% 

0.71% 

0.35% 

0.05% 

Lonoke 

117 

78.18% 

10.08% 

4.21% 

5.08% 

2.44% 

Mississippi 

147 

6.01% 

3.20% 

4.21% 

11.50% 

75.05% 

Monroe 

73 

67.39% 

11.33% 

7.60% 

9.42% 

4.23% 

Phillips 

45 

66.86% 

8.12% 

5.38% 

6.30% 

13.32% 

Poinsett 

95 

12.90% 

4.00% 

4.99% 

12.79% 

65.30% 

Prairie 

64 

66.55% 

10.08% 

7.04% 

8.20% 

8.11% 

Pulaski 

332 

92.14% 

6.34% 

0.93% 

0.50% 

0.07% 

Randolph 

67 

71.11% 

10.93% 

2.45% 

3.63% 

11.86% 

St.  Francis 

120 

34.20% 

10.32% 

8.90% 

13.74% 

32.82% 

Sharp 

63 

95.36% 

3.27% 

0.87% 

0.43% 

0.06% 

Stone 

40 

93.77% 

3.70% 

1.58% 

0.82% 

0.12% 

Van  Buren 

48 

96.19% 

2.46% 

0.85% 

0.43% 

0.06% 

White 

181 

80.05% 

4.05% 

1.60% 

3.22% 

11.07% 

Woodruff 

51 

55.05% 

7.61% 

5.23% 

6.12% 

25.96% 
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Table  89:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Arkansas 

61 

81.82 

86.35 

88.94 

89.99 

94.04 

Baxter 

24 

98.31 

99.14 

99.46 

99.51 

99.71 

Clay 

70 

61.81 

65.98 

68.46 

69.80 

75.38 

Cleburne 

31 

98.51 

99.25 

99.53 

99.57 

99.75 

Cleveland 

61 

98.39 

99.32 

99.58 

99.61 

99.76 

Craighead 

124 

42.82 

46.41 

49.13 

51.09 

59.99 

Crittenden 

147 

30.48 

34.61 

37.61 

39.96 

50.85 

Cross 

83 

40.59 

44.45 

47.25 

49.29 

58.56 

Desha 

37 

97.89 

98.91 

99.31 

99.39 

99.65 

Faulkner 

90 

97.34 

98.64 

99.17 

99.26 

99.59 

Fulton 

55 

97.48 

98.73 

99.22 

99.31 

99.61 

Grant 

74 

98.00 

99.07 

99.42 

99.48 

99.69 

Greene 

79 

57.96 

62.25 

64.73 

66.14 

72.22 

Independence 

128 

94.97 

95.84 

96.10 

96.21 

96.70 

Izard 

60 

98.28 

99.13 

99.46 

99.51 

99.71 

Jackson 

71 

60.41 

64.37 

66.77 

68.02 

73.20 

Jefferson 

92 

98.48 

99.30 

99.55 

99.59 

99.75 

Lawrence 

68 

73.85 

76.82 

78.04 

78.75 

81.76 

Lee 

43 

63.73 

67.33 

69.47 

70.66 

75.63 

Lincoln 

40 

98.20 

99.24 

99.53 

99.57 

99.74 

Lonoke 

117 

87.12 

90.88 

92.53 

93.21 

95.89 

Mississippi 

147 

11.42 

13.54 

15.39 

17.60 

28.36 

Monroe 

73 

78.43 

83.51 

86.50 

87.77 

92.72 

Phillips 

45 

74.92 

78.54 

80.68 

81.67 

85.68 

Poinsett 

95 

19.01 

21.53 

23.68 

25.92 

36.66 

Prairie 

64 

76.53 

81.13 

83.90 

85.08 

89.67 

Pulaski 

332 

97.14 

99.00 

99.36 

99.44 

99.68 

Randolph 

67 

80.31 

83.79 

84.77 

85.37 

87.97 

St.  Francis 

119 

45.59 

50.80 

54.37 

56.45 

65.49 

Sharp 

63 

98.03 

99.10 

99.44 

99.50 

99.70 

Stone 

40 

96.98 

98.37 

98.98 

99.11 

99.52 

Van  Buren 

48 

98.24 

99.10 

99.43 

99.49 

99.70 

White 

180 

83.83 

85.32 

85.97 

86.48 

88.82 

Woodruff 

51 

62.95 

66.39 

68.48 

69.61 

74.38 
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Illinois  -  New  Madrid  Seismic  Zone  Scenario 


This  earthquake  impact  assessment  includes  all  102  counties  in  the  State  of  Illinois. 
Illinois  is  approximately  56,000  square  miles  and  is  bordered  by  Wisconsin  to  the  north, 
Iowa  and  Missouri  to  the  west,  Kentucky  to  the  southeast,  and  Indiana  to  the  east.  For  the 
purposes  of  this  analysis,  40  critical  counties  have  been  identified  in  the  southern  portion 
of  the  state  where  shaking  is  anticipated  to  be  most  intense.  These  40  counties  are  the 
focus  of  much  of  the  damage  assessment  included  within  this  document.  The  critical 
counties  are  listed  below: 


Alexander 

■  Franklin 

■  Lawrence 

■  Randolph 

Bond 

■  Gallatin 

■  Macoupin 

■  Richland 

Calhoun 

■  Greene 

■  Madison 

■  Saint  Clair 

Clark 

■  Hamilton 

■  Marion 

■  Saline 

Clay 

■  Hardin 

■  Massac 

■  Union 

Clinton 

■  Jackson 

■  Monroe 

■  Wabash 

Crawford 

■  Jasper 

■  Montgomery 

■  Washington 

Edwards 

■  Jefferson 

■  Perry 

■  Wayne 

Effingham 

■  Jersey 

■  Pope 

■  White 

Fayette 

■  Johnson 

■  Pulaski 

■  Williamson 

Figure  4:  Location  of  Fault  Rupture  for  NMSZ  Scenario  in  the  State  of  Illinois 


The  earthquake  impact  assessment  for  the  State  of  Illinois  employs  one  scenario  event 
along  the  New  Madrid  Fault.  The  scenario  consists  of  a  Mw7.7  earthquake  along  the 
northern  segment  of  the  presumed  New  Madrid  Fault  system.  The  ground  motions  used 
to  represent  this  seismic  event  were  developed  by  the  U.S.  Geological  Survey  (USGS)  for 
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the  middle  fault  in  the  proposed  New  Madrid  Seismic  Zone  (NMSZ).  Each  fault  line  is 
presumed  to  consist  of  three  fault  segments;  northern,  central  and  southern.  The  worst- 
case  scenario  for  the  State  of  Illinois,  the  critical  counties  in  particular,  is  an  event  on  the 
western  fault  line  in  the  northern  segment,  as  shown  in  Figure  4.  For  more  infonnation  on 
the  hazard  utilized  in  this  scenario  please  reference  Appendix  I. 

The  NMSZ  scenario  produces  thousands  of  damaged  buildings  in  the  State  of  Illinois. 
There  are  nearly  17,000  cases  of  complete  damage  which  are  included  in  the  nearly 
30,000  at  least  moderately  damaged  buildings.  As  with  previous  state  scenarios, 
residential  buildings  experience  the  greatest  amount  of  damage.  Nearly  99%  of  all 
complete  damage  occurs  with  residential  buildings.  This  occupancy  type  also  accounts 
for  nearly  99%  of  at  least  moderate  damage  throughout  the  state.  All  but  three  completely 
damaged  buildings  are  located  in  the  40  critical  counties  in  southern  Illinois.  Additionally, 
90%  of  all  at  least  moderate  damage  occurs  in  these  40  critical  counties. 


Table  90:  Damage  by  General  Occupancy  Type  for  the  State  of  Illinois 


General  Occupancy  Type  Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

2,780,853 

16,999 

11,586 

Other  Residential 

416,473 

12,046 

5,087 

Commercial 

41,905 

352 

140 

Industrial 

7,466 

40 

11 

Other 

4,515 

46 

36 

Total 

3,251,212 

29,483 

16,860 

Table  91:  Damage  by  General  Occupancy  Type  for  the  40  Critical  Counties 


General  Occupancy  Type  Damage  (40  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

365,291 

14,975 

11,586 

Other  Residential 

73,465 

10,752 

5,087 

Commercial 

3,311 

240 

138 

Industrial 

359 

20 

10 

Other 

646 

45 

36 

Total 

443,072 

26,032 

16,857 

Wood  frame  construction  is  the  most  common  type  of  building  in  the  State  of  Illinois  and 
also  generates  the  most  cases  of  complete  damage.  Nearly  half  of  all  complete  damage, 
7,800  buildings,  is  experienced  by  wood  frame  structures.  Unreinforced  masonry  and 
mobile  homes  are  estimated  to  incur  the  most  cases  of  moderate  damage  with  over  70% 
moderate  damage  attributed  to  these  building  types.  This  damage  state  is  identified  by 
significant  cracking  to  unreinforced  masonry  walls  as  well  as  some  connection  damage  to 
column/beam  joints  in  unreinforced  masonry  building.  The  remaining  building  types 
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show  far  less  inventory  throughout  the  state  and  thus  experience  a  far  lesser  proportion  of 
damage. 


Table  92:  Building  Damage  by  Building  Type  for  the  State  of  Illinois 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

2,315,085 

21,686 

6,150 

2,750 

7,819 

Steel 

16,145 

656 

193 

15 

60 

Concrete 

31,516 

917 

250 

44 

215 

Precast 

5,382 

178 

71 

8 

26 

Reinforced  Masonry 

5,776 

78 

24 

2 

15 

Unreinforced  Masonry 

638,209 

38,777 

7,430 

1,176 

4,117 

Mobile  Home 

107,166 

23,298 

9,620 

1,750 

4,608 

Total 

3,119,279 

85,590 

23,738 

5,745 

16,860 

Of  the  1,725  fire  stations  in  the  state,  38  (more  than  2%)  are  estimated  to  experience  at 
least  moderate  damage.  60  schools  are  completely  damaged  while  another  23  experience 
moderate  or  severe  damage.  Additionally,  over  20  police  stations  are  damaged  from  the 
NMSZ  event.  Two  emergency  operation  centers  are  expected  to  sustain  this  level  of 
damage  since  they  are  located  in  the  portion  of  the  state  which  experiences  the  most 
severe  shaking.  All  damage  is  confined  to  the  40  critical  counties  in  southern  Illinois. 


Not  only  are  numerous  facilities  damaged  but  a  large  number  of  facilities  are  also  not 
functional  in  the  days  immediately  after  the  earthquake.  Over  250  schools,  80  fire 
stations  and  50  police  stations  are  not  fully  functional  in  the  days  after  the  event.  This 
will  likely  inhibit  the  ability  of  law  enforcement,  fire  fighters  and  medical  personnel  to 
assist  those  in  heavily  impacted  areas. 


Table  93:  Essential  Facilities  Damage  &  Functionality  for  State  of  Illinois4 


Essential  Facilities  Damage  &  Functionality 

Essential 
Facility  Type 

Total  No.  Facilities 
(State) 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

249 

3 

1 

217 

Schools 

5,722 

83 

60 

5,464 

EOCs 

149 

2 

2 

145 

Police  Stations 

1,044 

21 

15 

997 

Fire  Stations 

1,725 

38 

32 

1,645 

4  For  Tables  93-103  the  following  method  is  used  to  detennine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MH  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.).  In  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged’. 
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Table  94:  Essential  Facilities  Damage  &  Functionality  for  Critical  Counties 


Essential  Facilities  Damage  &  Functionality 

Essential 
Facility  Type 

Total  No.  Facilities 
(40  Critical  Counties) 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

52 

3 

1 

20 

Schools 

1,167 

83 

60 

909 

EOCs 

31 

2 

2 

27 

Police  Stations 

267 

21 

15 

220 

Fire  Stations 

366 

38 

32 

286 

Table  95:  Highway  Bridge  Damage  Assessments 


Highway  Bridge  Damage  Assessments 

Total  No.  of 
Bridges 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

6,554 

264 

71 

6,293 

Remaining  Counties 

16,300 

0 

0 

16,300 

Total  State 

22,854 

264 

71 

22,593 

Table  96:  Airport  Damage  Assessments 


Airport  Damage  Assessments 

Total  No.  of 
Airports 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

195 

30 

9 

173 

Remaining  Counties 

734 

0 

0 

734 

Total  State 

929 

30 

9 

907 

Transportation  lifelines,  particularly  in  southern  Illinois,  are  significantly  impacted  by 
this  NMSZ  event.  Over  70  bridges  are  expected  to  incur  complete  damage  while  over  250 
experience  moderate  or  more  severe  damage.  Highway  road  segments  connecting  these 
damaged  bridges  are  expected  to  incur  slightly  less  damage  than  the  bridges  themselves, 
even  in  these  counties  with  the  most  severe  shaking.  Highway  segments  are  most 
generally  defined  as  a  section  of  highway  between  two  end  nodes.  These  end  nodes  are 
frequently  highway  bridges.  At  least  moderate  damage  to  highway  bridges  is 
characterized  by  moderate  shear  (diagonal)  cracking  of  columns,  spalling  of  cover 
concrete  and  shear  keys,  abutment  movement  less  than  two-inches,  extensive  cracking  to 
shear  keys,  bent  connection  bolts  and  moderate  settlement  of  the  bridge  approaches. 
Many  airports,  ports  and  railway  facilities  in  southern  Illinois  incur  moderate  damage, 
greatly  impeding  the  operation  of  these  facilities.  At  least  moderate  damage  to  port 
facilities  includes  considerable  ground  settlement,  derailment  of  port  equipment  and 
damage  to  structural  members.  For  airports,  at  least  moderate  damage  is  defined  in  the 
same  manner  as  damage  to  other  building  types  discussed  previously.  The  lack  of 
functionality  of  many  transportation  lifelines  in  southern  Illinois  will  make  the  movement 
of  people  and  supplies  difficult  in  the  days  immediately  following  the  earthquake. 
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Table  97:  Transportation  System  Damage  for  the  State  of  Illinois 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 

Damage 

(Damage>50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

4,333 

0 

0 

4,269 

Bridges 

22,854 

264 

71 

22,591 

Tunnels 

0 

0 

0 

0 

Railways 

Segments 

8,441 

0 

0 

8,441 

Bridges 

1,030 

6 

0 

1,024 

Tunnels 

4 

0 

0 

4 

Facilities 

285 

10 

0 

275 

Bus 

Facilities 

119 

1 

0 

119 

Light  Rail 

Segments 

900 

0 

0 

899 

Bridges 

38 

0 

0 

38 

Facilities 

401 

401 

401 

0 

Ferry 

Facilities 

11 

11 

11 

0 

Port 

Facilities 

514 

20 

0 

497 

Airport 

Facilities 

929 

30 

9 

907 

Runways 

705 

0 

0 

705 

Table  98:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

74 

11 

1 

63 

Remaining  Counties 

168 

0 

0 

168 

Total  State 

242 

11 

1 

231 

Table  99:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

2,221 

461 

8 

1,246 

Remaining  Counties 

7,168 

0 

0 

7,168 

Total  State 

9,389 

461 

8 

8,414 

Utility  lifelines  are  significantly  impacted  by  the  NMSZ  scenario  event  with  hundreds  of 
facilities  moderately  or  completely  damaged.  Over  450  waste  water  facilities  are 
moderately  or  more  severely  damaged  while  8  incur  complete  damage.  All  facilities 
experiencing  complete  damage  are  located  in  the  extreme  southern  counties  in  Illinois. 
Approximately  20%  of  all  natural  gas  and  electric  power  facilities  in  the  critical  counties 
incur  at  least  moderate  damage.  Communication  facilities  are  the  most  prominent  utility 
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inventory  type  in  Illinois  and  also  report  the  most  damage  with  1,450  moderately  or  more 
severely  damaged  facilities. 


Table  100:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

388 

79 

4 

309 

Remaining  Counties 

945 

0 

0 

945 

Total  State 

1,333 

79 

4 

1,254 

Table  101:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

109 

3 

0 

106 

Remaining  Counties 

166 

0 

0 

166 

Total  State 

275 

3 

0 

272 

Table  102:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

334 

59 

3 

205 

Remaining  Counties 

1,838 

0 

0 

1,838 

Total  State 

2,172 

59 

3 

2,043 

Table  103:  Damage  to  Communication  Facilities 


Communication  Facilities  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage>50%) 

Complete 

Damage 

(Damage>50%) 

Functionality 
>50%  at  Day  1 

40  Critical  Counties 

7,464 

1,450 

66 

6,577 

Remaining  Counties 

27,369 

0 

0 

27,369 

Total  State 

34,833 

1,450 

66 

33,946 

Pipeline  damage  is  estimated  for  local  potable  water,  waste  water  and  natural  gas  systems. 
Major  transmission  pipelines  for  natural  gas  are  added  from  HSIP  2007  data.  Oil 
pipelines  are  not  included  in  the  HAZUS-MH  MR2  default  inventory,  called  local 
inventory  in  HAZUS-MH  MR2,  though  regional  oil  pipelines  are  added  to  provide 
damage  estimates  for  these  major  oil  transmission  lines.  These  oil  pipelines  are  composed 
of  major  crude  oil  and  refined  product  lines  only.  Regional  and  local  natural  gas  networks 
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are  represented  separately  and  damage  is  estimated  for  each.  Potable  water  lines  show  the 
greatest  amount  of  both  breaks  and  leaks  at  roughly  5,500  and  5,400,  respectively.  Local 
natural  gas  lines,  however;  show  the  greatest  break  and  leak  rates  per  length  of  pipe  at 
roughly  0.070  leaks/mile  (1  leak  every  14.3  miles)  or  0.069  breaks/mile  (roughly  1  break 
every  14.5  miles).  In  addition,  local  and  regional  damage  to  natural  gas  lines  can  be 
combined  for  a  total  state  damage  estimate  of  4,666  leaks  and  4,572  breaks  over  the 
combined  length  of  80,969  miles  of  natural  gas  pipeline. 

Potable  water  service  is  cut  off  for  over  70,700  residences  the  day  after  the  scenario 
earthquake.  This  is  reduced  to  roughly  43,000  residences  within  a  week  and  no  customers 
will  be  without  service  after  three  months.  These  estimates  are  calculated  from  a  formula 
that  uses  the  damage  to  the  distribution  system  to  determine  the  repair  rate.  Additional 
information  on  this  formula  is  available  in  the  HAZUS-MH  MR2  Technical  Manual  that 
accompanies  the  program.  This  period  of  time  without  water  prevents  thousands  of 
people  from  remaining  in  their  homes  in  the  weeks  and  months  following  the  earthquake. 
Electric  power  service  shows  similar  trends,  with  over  69,600  residential  service  outages 
the  day  after  the  earthquake,  or  nearly  1.5%  of  all  state  residences  without  power.  Even  a 
month  after  the  earthquake  nearly  6,700  residences  are  still  without  power.  All  electric 
power  lines  in  Illinois  are  presumed  to  be  above  ground  and  less  likely  to  incur  damage 
from  moderate  ground  shaking  unlike  buried  pipelines  that  are  vulnerable  to  damage 
from  liquefaction  and  ground  deformation. 


Table  104:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

164,911 

5,448 

5,401 

Waste  Water  -  Local 

98,946 

4,340 

4,272 

Natural  Gas  -  Local 

65,964 

4,640 

4,566 

Natural  Gas  -  Regional 

15,005 

26 

6 

Oil  -  Regional 

8,379 

17 

4 

Table  105:  Utility  Service  Interruptions  for  Critical  Counties 


Utilit 

/  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1  Day  3  Day  7  Day  30  Day  90 

Potable  Water 

Electric  Power 

4,591,779 

70,781  56,532  43,091  26,770  0 

69,641  48,139  24,340  6,678  83 

The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  levels  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 

Some  of  the  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  format  employed  to  generate  the  HAZUS- 
MH  MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage 
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state  likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods 
for  ah  facilities  of  a  given  type  in  a  specific  county.  The  damage  estimates  shown 
previously  for  corresponding  infrastructure  types  are  based  on  a  different  set  of  criteria  as 
discussed  in  footnote  (4)  and  employed  in  the  preceding  damage  tables  for  this  scenario. 
Both  methods  are  employed  in  HAZUS-MH  MR2  and  are  valid  estimation 
methodologies,  though  they  generate  different  estimations  of  county  damage  for  a 
specific  facility  type.  Consider  the  following  comparison: 

•  Jackson  County,  Illinois  -  194  waste  water  facilities 
o  Estimation  procedure  according  to  footnote  4: 

■  Summation  of  individual  facilities  after  that  facility  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  194  at  least  moderately 
damaged  waste  water  facilities 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  waste  water  facilities  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  facilities  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
facilities  in  the  county  provides  an  estimate  of  144  at  least 
moderately  damaged  waste  water  facilities 

In  the  case  of  Jackson  County,  Illinois,  the  topic  damage  tables  in  this  appendix  provide  a 
lower  estimate  of  damage  as  opposed  to  the  facility-by-facility  damage  summation 
detailed  in  footnote  (4).  Though  not  illustrated  here,  other  counties  in  Illinois  are 
estimated  to  incur  greater  damage  when  this  averaging  estimation  procedure  is  used. 
Comparing  the  total  number  of  at  least  moderately  damaged  waste  water  facilities  for  the 
40  critical  counties  in  Illinois  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  642  at  least  moderately  damaged  waste  water  facilities 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  461  at  least  moderately  damaged  waste  water  facilities 

Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  less  damage.  Other  infrastructure  categories  may  or  may  not  follow 
this  trend  thus  requiring  an  investigation  of  each  infrastructure  type  separately.  This  is  not 
undertaken  here,  though  it  can  be  done  with  the  information  provided  in  this  appendix  for 
the  NMSZ  scenario  in  the  State  of  Illinois. 
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The  following  tables  provide  damage  and  functionality  estimates  for  the  NMSZ  scenario 
critical  counties  in  Illinois.  There  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  four  damage  levels  for  a  county. 
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Table  106:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Alexander 

Single  Family 

1 

56 

530 

680 

1,191 

2458 

Other  Residential 

0 

2 

17 

40 

764 

823 

Commercial 

0 

0 

0 

1 

7 

8 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

0 

1 

7 

8 

Bond 

Single  Family 

4,250 

44 

4 

0 

0 

4298 

Other  Residential 

1,095 

117 

15 

0 

0 

1227 

Commercial 

23 

1 

0 

0 

0 

24 

Industrial 

4 

0 

0 

0 

0 

4 

Other 

6 

0 

0 

0 

0 

6 

Calhoun 

Single  Family 

1,804 

19 

1 

0 

0 

1824 

Other  Residential 

359 

40 

5 

0 

0 

404 

Commercial 

19 

0 

0 

0 

0 

19 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

5 

0 

0 

0 

0 

5 

Clark 

Single  Family 

5,158 

54 

4 

0 

0 

5216 

Other  Residential 

896 

93 

12 

0 

0 

1001 

Commercial 

26 

1 

0 

0 

0 

27 

Industrial 

17 

0 

0 

0 

0 

17 

Other 

7 

0 

0 

0 

0 

7 

Clay 

Single  Family 

3,577 

361 

65 

3 

0 

4006 

Other  Residential 

718 

268 

134 

3 

0 

1123 

Commercial 

25 

6 

3 

0 

0 

34 

Industrial 

12 

6 

3 

0 

0 

21 

Other 

12 

1 

0 

0 

0 

13 

Clinton 

Single  Family 

8,681 

267 

41 

2 

259 

9250 

Other  Residential 

1,419 

298 

118 

3 

102 

1940 

Commercial 

58 

8 

3 

0 

3 

72 

Industrial 

14 

1 

0 

0 

1 

16 

Other 

11 

1 

0 

0 

0 

12 

Crawford 

Single  Family 

5,978 

62 

5 

0 

0 

6045 

Other  Residential 

746 

78 

10 

0 

0 

834 

Commercial 

42 

1 

0 

0 

0 

43 

Industrial 

5 

0 

0 

0 

0 

5 

Other 

5 

0 

0 

0 

0 

5 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Edwards 

Single  Family 

1,744 

186 

34 

2 

0 

1966 

Other  Residential 

388 

174 

91 

2 

0 

655 

Commercial 

8 

3 

1 

0 

0 

12 

Industrial 

14 

3 

2 

0 

0 

19 

Other 

4 

1 

0 

0 

0 

5 

Effingham 

Single  Family 

9,289 

97 

8 

0 

0 

9394 

Other  Residential 

1,176 

115 

14 

0 

0 

1305 

Commercial 

178 

5 

1 

0 

0 

184 

Industrial 

60 

2 

0 

0 

0 

62 

Other 

27 

1 

0 

0 

0 

28 

Fayette 

Single  Family 

5,541 

58 

5 

0 

0 

5604 

Other  Residential 

1,596 

175 

22 

0 

0 

1793 

Commercial 

48 

1 

0 

0 

0 

49 

Industrial 

3 

0 

0 

0 

0 

3 

Other 

20 

1 

0 

0 

0 

21 

Franklin 

Single  Family 

9,670 

1,634 

302 

17 

123 

11746 

Other  Residential 

959 

756 

438 

11 

20 

2184 

Commercial 

41 

18 

7 

1 

1 

68 

Industrial 

6 

3 

2 

0 

0 

11 

Other 

7 

3 

1 

0 

0 

11 

Gallatin 

Single  Family 

1,438 

243 

45 

3 

8 

1737 

Other  Residential 

294 

263 

156 

4 

2 

719 

Commercial 

2 

1 

0 

0 

0 

3 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

1 

0 

0 

0 

0 

1 

Greene 

Single  Family 

4,273 

45 

4 

0 

0 

4322 

Other  Residential 

676 

69 

9 

0 

0 

754 

Commercial 

22 

1 

0 

0 

0 

23 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

14 

0 

0 

0 

0 

14 

Hamilton 

Single  Family 

1,976 

334 

62 

6 

21 

2399 

Other  Residential 

290 

257 

152 

5 

6 

710 

Commercial 

9 

4 

1 

0 

0 

14 

Industrial 

1 

0 

0 

0 

0 

1 

Other 

8 

3 

1 

0 

0 

12 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Hardin 

Single  Family 

1,178 

199 

37 

2 

0 

1416 

Other  Residential 

205 

178 

105 

3 

0 

491 

Commercial 

1 

1 

0 

0 

0 

2 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

1 

0 

0 

0 

0 

1 

Jackson 

Single  Family 

8,652 

1,967 

349 

20 

975 

11963 

Other  Residential 

2,520 

1,820 

1,012 

27 

333 

5712 

Commercial 

97 

43 

18 

1 

8 

167 

Industrial 

4 

2 

1 

0 

0 

7 

Other 

23 

9 

4 

0 

2 

38 

Jasper 

Single  Family 

2,901 

30 

2 

0 

0 

2933 

Other  Residential 

481 

52 

6 

0 

0 

539 

Commercial 

10 

0 

0 

0 

0 

10 

Industrial 

4 

0 

0 

0 

0 

4 

Other 

5 

0 

0 

0 

0 

5 

Jefferson 

Single  Family 

8,275 

1,398 

259 

18 

42 

9992 

Other  Residential 

1,353 

1,122 

655 

18 

16 

3164 

Commercial 

91 

38 

16 

1 

1 

147 

Industrial 

15 

7 

3 

0 

0 

25 

Other 

12 

4 

2 

0 

0 

18 

Jersey 

Single  Family 

6,203 

65 

5 

0 

0 

6273 

Other  Residential 

894 

89 

11 

0 

0 

994 

Commercial 

34 

1 

0 

0 

0 

35 

Industrial 

5 

0 

0 

0 

0 

5 

Other 

16 

0 

0 

0 

0 

16 

Johnson 

Single  Family 

164 

887 

1,225 

382 

185 

2843 

Other  Residential 

8 

74 

396 

576 

324 

1378 

Commercial 

0 

0 

3 

6 

7 

16 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

1 

3 

3 

7 

Lawrence 

Single  Family 

3,421 

578 

107 

5 

201 

4312 

Other  Residential 

444 

382 

225 

6 

30 

1087 

Commercial 

22 

9 

4 

0 

3 

38 

Industrial 

4 

2 

1 

0 

1 

8 

Other 

7 

3 

1 

0 

1 

12 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Macoupin 

Single  Family 

14,351 

150 

12 

0 

0 

14513 

Other  Residential 

2,088 

214 

27 

0 

0 

2329 

Commercial 

121 

3 

0 

0 

0 

124 

Industrial 

10 

0 

0 

0 

0 

10 

Other 

31 

1 

0 

0 

0 

32 

Madison 

Single  Family 

68,175 

2,994 

494 

24 

2,083 

73770 

Other  Residential 

5,945 

1,014 

420 

10 

322 

7711 

Commercial 

595 

61 

21 

1 

15 

693 

Industrial 

37 

2 

1 

0 

1 

41 

Other 

77 

7 

2 

0 

1 

87 

Marion 

Single  Family 

10,367 

738 

129 

6 

0 

11240 

Other  Residential 

2,200 

570 

248 

6 

0 

3024 

Commercial 

66 

14 

5 

0 

0 

85 

Industrial 

18 

2 

1 

0 

0 

21 

Other 

6 

1 

0 

0 

0 

7 

Massac 

Single  Family 

48 

745 

1,633 

530 

1,176 

4132 

Other  Residential 

1 

16 

175 

418 

774 

1384 

Commercial 

0 

0 

4 

9 

18 

31 

Industrial 

0 

0 

0 

1 

3 

4 

Other 

0 

0 

1 

2 

4 

7 

Monroe 

Single  Family 

6,985 

871 

154 

11 

24 

8045 

Other  Residential 

335 

153 

82 

2 

2 

574 

Commercial 

64 

14 

5 

0 

0 

83 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

3 

1 

0 

0 

0 

4 

Montgomery 

Single  Family 

8,490 

88 

7 

0 

0 

8585 

Other  Residential 

1,014 

104 

13 

0 

0 

1131 

Commercial 

70 

2 

0 

0 

0 

72 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

10 

0 

0 

0 

0 

10 

Perry 

Single  Family 

4,884 

825 

153 

10 

59 

5931 

Other  Residential 

668 

520 

301 

8 

28 

1525 

Commercial 

29 

12 

5 

0 

1 

47 

Industrial 

4 

2 

1 

0 

0 

7 

Other 

16 

6 

2 

0 

0 

24 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Pope 

Single  Family 

712 

375 

212 

50 

10 

1359 

Other  Residential 

110 

125 

157 

112 

19 

523 

Commercial 

0 

1 

2 

1 

0 

4 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

1 

1 

0 

2 

Pulaski 

Single  Family 

1 

71 

649 

468 

616 

1805 

Other  Residential 

0 

1 

31 

142 

633 

807 

Commercial 

0 

0 

0 

2 

11 

13 

Industrial 

0 

0 

0 

0 

1 

1 

Other 

0 

0 

0 

1 

9 

10 

Randolph 

Single  Family 

6,737 

1,139 

211 

16 

473 

8576 

Other  Residential 

891 

736 

430 

12 

89 

2158 

Commercial 

42 

18 

7 

1 

6 

74 

Industrial 

5 

2 

1 

0 

0 

8 

Other 

19 

7 

3 

0 

1 

30 

Richland 

Single  Family 

4,992 

52 

4 

0 

0 

5048 

Other  Residential 

753 

77 

10 

0 

0 

840 

Commercial 

40 

1 

0 

0 

0 

41 

Industrial 

5 

0 

0 

0 

0 

5 

Other 

4 

0 

0 

0 

0 

4 

Saint  Clair 

Single  Family 

52,947 

8,358 

1,518 

97 

2,390 

65310 

Other  Residential 

5,979 

2,869 

1,501 

42 

410 

10801 

Commercial 

381 

139 

56 

4 

14 

594 

Industrial 

14 

3 

1 

0 

2 

20 

Other 

76 

24 

9 

1 

3 

113 

Saline 

Single  Family 

6,524 

1,102 

204 

14 

30 

7874 

Other  Residential 

733 

646 

381 

10 

7 

1777 

Commercial 

42 

18 

7 

1 

1 

69 

Industrial 

1 

1 

0 

0 

0 

2 

Other 

6 

2 

1 

0 

0 

9 

Union 

Single  Family 

19 

390 

1,780 

1,410 

1,137 

4736 

Other  Residential 

0 

9 

127 

338 

1,003 

1477 

Commercial 

0 

0 

1 

6 

35 

42 

Industrial 

0 

0 

0 

0 

1 

1 

Other 

0 

0 

1 

1 

4 

6 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Wabash 

Single  Family 

2,913 

492 

91 

5 

102 

3603 

Other  Residential 

366 

301 

176 

4 

12 

859 

Commercial 

16 

7 

3 

0 

2 

28 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

4 

1 

1 

0 

0 

6 

Washington 

Single  Family 

3,898 

659 

122 

8 

12 

4699 

Other  Residential 

271 

246 

146 

4 

2 

669 

Commercial 

25 

11 

4 

0 

0 

40 

Industrial 

1 

1 

0 

0 

0 

2 

Other 

5 

2 

1 

0 

0 

8 

Wayne 

Single  Family 

4,568 

157 

25 

1 

0 

4751 

Other  Residential 

1,429 

298 

112 

2 

0 

1841 

Commercial 

46 

3 

1 

0 

0 

50 

Industrial 

9 

1 

0 

0 

0 

10 

Other 

11 

1 

0 

0 

0 

12 

White 

Single  Family 

3,546 

854 

152 

12 

32 

4596 

Other  Residential 

487 

425 

251 

7 

7 

1177 

Commercial 

19 

9 

4 

0 

0 

32 

Industrial 

1 

1 

0 

0 

0 

2 

Other 

3 

1 

0 

0 

0 

4 

Williamson 

Single  Family 

12,946 

2,809 

502 

27 

437 

16721 

Other  Residential 

1,789 

1,304 

727 

19 

182 

4021 

Commercial 

115 

51 

21 

2 

5 

194 

Industrial 

6 

3 

2 

0 

0 

11 

Other 

16 

6 

3 

0 

1 

26 
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Table  107:  Hospital  Functionality 


Counties 

Total  # 
of  Beds 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

Alexander 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Bond 

189 

182 

96.40 

182 

96.50 

188 

99.30 

189 

99.90 

189 

99.90 

Calhoun 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Clark 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Clay 

22 

10 

47.70 

11 

48.30 

16 

73.60 

21 

97.60 

22 

98.80 

Clinton 

197 

142 

72.05 

143 

72.40 

170 

86.45 

195 

98.75 

196 

99.35 

Crawford 

93 

90 

96.40 

90 

96.50 

92 

99.30 

93 

99.90 

93 

99.90 

Edwards 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Effingham 

146 

141 

96.40 

141 

96.50 

145 

99.30 

146 

99.90 

146 

99.90 

Fayette 

48 

46 

96.40 

46 

96.50 

48 

99.30 

48 

99.90 

48 

99.90 

Franklin 

158 

75 

47.20 

76 

47.80 

115 

72.90 

153 

96.60 

155 

97.80 

Gallatin 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Greene 

73 

70 

96.40 

70 

96.50 

72 

99.30 

73 

99.90 

73 

99.90 

Hamilton 

101 

48 

47.20 

48 

47.80 

74 

72.90 

98 

96.60 

99 

97.80 

Hardin 

48 

17 

35.80 

17 

36.20 

26 

55.20 

35 

73.20 

36 

74.10 

Jackson 

209 

94 

45.00 

95 

45.50 

146 

69.70 

194 

92.70 

196 

93.80 

Jasper 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Jefferson 

207 

98 

47.45 

99 

48.05 

152 

73.25 

201 

97.10 

203 

98.30 

Jersey 

67 

65 

96.40 

65 

96.50 

67 

99.30 

67 

99.90 

67 

99.90 

Johnson 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Lawrence 

58 

28 

47.70 

28 

48.30 

43 

73.60 

57 

97.60 

57 

98.80 

Macoupin 

82 

79 

96.40 

79 

96.50 

81 

99.30 

82 

99.90 

82 

99.90 

Madison 

1,294 

1,122 

86.70 

1,124 

86.87 

1,208 

93.37 

1,266 

97.87 

1,269 

98.07 

Marion 

322 

232 

72.05 

233 

72.40 

278 

86.45 

318 

98.75 

320 

99.35 

Massac 

57 

0 

0.00 

0 

0.00 

0 

0.00 

1 

2.00 

8 

13.80 

Monroe 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Montgomery 

197 

190 

96.40 

190 

96.50 

196 

99.30 

197 

99.90 

197 

99.90 

Perry 

125 

59 

47.45 

60 

48.05 

92 

73.25 

121 

97.10 

123 

98.30 

Pope 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Pulaski 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Randolph 

542 

257 

47.45 

260 

48.05 

397 

73.25 

526 

97.10 

533 

98.30 

Richland 

122 

118 

96.40 

118 

96.50 

121 

99.30 

122 

99.90 

122 

99.90 

Saint  Clair 

1,153 

571 

49.54 

577 

50.04 

826 

71.68 

1,061 

91.98 

1,072 

92.98 

Saline 

131 

62 

47.45 

63 

48.05 

96 

73.25 

127 

97.10 

129 

98.30 

Union 

508 

0 

0.00 

0 

0.00 

1 

0.20 

68 

13.40 

218 

42.90 

Wabash 

56 

27 

47.70 

27 

48.30 

41 

73.60 

55 

97.60 

55 

98.80 

Washington 

61 

29 

47.70 

29 

48.30 

45 

73.60 

60 

97.60 

60 

98.80 

Wayne 

185 

178 

96.40 

179 

96.50 

184 

99.30 

185 

99.90 

185 

99.90 

White 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Williamson 

363 

172 

47.30 

174 

47.90 

266 

73.30 

354 

97.60 

359 

98.80 

*  Note:  Discrepancies  between  the  number  of  hospital  beds  and  the  percentage  of  beds 
may  occur  due  to  rounding. 
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Table  108:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Alexander 

112 

25.25 

36.96 

46.58 

73.81 

95.33 

Bond 

97 

98.98 

99.78 

99.84 

99.90 

99.90 

Calhoun 

41 

99.80 

99.90 

99.90 

99.90 

99.90 

Clark 

156 

99.80 

99.90 

99.90 

99.90 

99.90 

Clay 

111 

93.62 

98.96 

99.43 

99.90 

99.90 

Clinton 

254 

93.17 

98.87 

99.37 

99.87 

99.89 

Crawford 

174 

99.80 

99.90 

99.90 

99.90 

99.90 

Edwards 

77 

93.20 

98.90 

99.40 

99.90 

99.90 

Effingham 

237 

99.80 

99.90 

99.90 

99.90 

99.90 

Fayette 

168 

99.80 

99.90 

99.90 

99.90 

99.90 

Franklin 

194 

74.10 

91.38 

94.15 

99.02 

99.80 

Gallatin 

59 

77.02 

92.29 

94.39 

98.18 

99.64 

Greene 

95 

99.80 

99.90 

99.90 

99.90 

99.90 

Hamilton 

91 

78.40 

94.00 

96.10 

99.50 

99.90 

Hardin 

30 

77.83 

93.29 

95.39 

98.95 

99.79 

Jackson 

338 

49.06 

70.46 

77.57 

93.32 

98.75 

Jasper 

97 

99.80 

99.90 

99.90 

99.90 

99.90 

Jefferson 

237 

85.28 

96.27 

97.63 

99.69 

99.90 

Jersey 

78 

99.80 

99.90 

99.90 

99.90 

99.90 

Johnson 

125 

35.90 

55.36 

65.39 

89.22 

98.01 

Lawrence 

109 

93.14 

98.84 

99.34 

99.85 

99.89 

Macoupin 

285 

99.80 

99.90 

99.90 

99.90 

99.90 

Madison 

781 

95.65 

99.14 

99.45 

99.77 

99.87 

Marion 

239 

93.20 

98.90 

99.40 

99.90 

99.90 

Massac 

128 

39.88 

60.05 

68.70 

89.12 

98.03 

Monroe 

129 

88.08 

97.04 

98.08 

99.59 

99.87 

Montgomery 

240 

99.80 

99.90 

99.90 

99.90 

99.90 

Perry 

155 

78.34 

93.93 

96.03 

99.45 

99.89 

Pope 

105 

64.84 

85.76 

90.03 

98.05 

99.60 

Pulaski 

85 

26.00 

38.62 

48.64 

76.06 

95.72 

Randolph 

248 

78.90 

93.63 

95.61 

98.96 

99.79 

Richland 

118 

93.20 

98.90 

99.40 

99.90 

99.90 

Saint  Clair 

811 

89.50 

97.54 

98.41 

99.64 

99.87 

Saline 

167 

77.20 

93.27 

95.58 

99.41 

99.88 

Union 

177 

23.81 

34.65 

44.87 

73.65 

95.27 

Wabash 

104 

93.15 

98.85 

99.35 

99.86 

99.89 

Washington 

161 

89.80 

97.77 

98.64 

99.81 

99.90 

Wayne 

161 

93.20 

98.90 

99.40 

99.90 

99.90 

White 

187 

78.24 

93.80 

95.90 

99.35 

99.87 

Williamson 

303 

53.12 

75.23 

81.85 

95.84 

99.18 
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Table  109:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Alexander 

2 

0.00 

Bond 

3 

94.10 

Calhoun 

2 

94.10 

Clark 

5 

94.10 

Clay 

2 

73.00 

Clinton 

8 

84.83 

Crawford 

5 

94.10 

Edwards 

3 

65.97 

Effingham 

5 

94.10 

Fayette 

6 

94.10 

Franklin 

7 

71.53 

Gallatin 

6 

68.82 

Greene 

5 

94.10 

Hamilton 

1 

71.30 

Hardin 

3 

66.07 

Jackson 

6 

66.00 

Jasper 

2 

94.10 

Jefferson 

2 

71.30 

Jersey 

4 

94.10 

Johnson 

1 

0.00 

Lawrence 

5 

51.90 

Macoupin 

14 

94.10 

Madison 

39 

80.69 

Marion 

6 

95.80 

Massac 

8 

0.00 

Monroe 

6 

50.13 

Montgomery 

11 

94.10 

Perry 

7 

51.76 

Pope 

4 

39.13 

Pulaski 

6 

0.00 

Randolph 

9 

50.18 

Richland 

2 

94.10 

Saint  Clair 

36 

58.30 

Saline 

4 

56.18 

Union 

3 

0.00 

Wabash 

2 

51.90 

Washington 

11 

52.31 

Wayne 

4 

84.73 

White 

7 

46.71 

Williamson 

5 

61.26 
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Table  110:  School  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Alexander 

15 

0.00 

Bond 

8 

94.10 

Calhoun 

7 

94.10 

Clark 

9 

94.10 

Clay 

11 

59.57 

Clinton 

26 

80.03 

Crawford 

12 

94.10 

Edwards 

3 

65.97 

Effingham 

25 

94.10 

Fayette 

13 

94.10 

Franklin 

28 

71.64 

Gallatin 

1 

71.30 

Greene 

9 

94.10 

Hamilton 

6 

71.30 

Hardin 

5 

68.48 

Jackson 

80 

67.40 

Jasper 

7 

94.10 

Jefferson 

19 

59.89 

Jersey 

11 

94.10 

Johnson 

8 

0.20 

Lawrence 

8 

51.05 

Macoupin 

32 

94.10 

Madison 

320 

87.98 

Marion 

30 

79.18 

Massac 

33 

0.00 

Monroe 

25 

53.94 

Montgomery 

20 

94.10 

Perry 

15 

51.77 

Pope 

31 

42.01 

Pulaski 

9 

0.00 

Randolph 

22 

49.85 

Richland 

7 

94.10 

Saint  Clair 

212 

58.26 

Saline 

17 

46.42 

Union 

12 

0.00 

Wabash 

8 

51.90 

Washington 

22 

46.63 

Wayne 

13 

81.02 

White 

12 

46.70 

Williamson 

16 

67.06 
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Table  111:  Fire  Station  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Alexander 

7 

0.00 

Bond 

8 

94.10 

Calhoun 

5 

94.10 

Clark 

4 

94.10 

Clay 

5 

68.78 

Clinton 

6 

84.68 

Crawford 

5 

94.10 

Edwards 

4 

73.00 

Effingham 

11 

94.10 

Fayette 

6 

94.10 

Franklin 

14 

71.69 

Gallatin 

6 

62.78 

Greene 

8 

94.10 

Hamilton 

3 

71.30 

Hardin 

3 

66.07 

Jackson 

12 

67.23 

Jasper 

3 

94.10 

Jefferson 

12 

61.30 

Jersey 

4 

94.10 

Johnson 

6 

0.13 

Lawrence 

5 

50.54 

Macoupin 

16 

94.10 

Madison 

64 

78.96 

Marion 

4 

81.63 

Massac 

7 

0.00 

Monroe 

7 

62.74 

Montgomery 

12 

94.10 

Perry 

7 

51.83 

Pope 

4 

26.35 

Pulaski 

8 

0.00 

Randolph 

6 

51.57 

Richland 

5 

94.10 

Saint  Clair 

43 

55.92 

Saline 

4 

30.23 

Union 

8 

0.00 

Wabash 

5 

51.90 

Washington 

7 

36.56 

Wayne 

6 

82.03 

White 

6 

46.73 

Williamson 

10 

57.59 
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Table  112:  Households  without  Electric  Power  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Alexander 

3,808 

94.40 

82.80 

59.60 

21.90 

0.10 

Bond 

6,155 

0 

0 

0 

0 

0 

Calhoun 

2,046 

0 

0 

0 

0 

0 

Clark 

6,971 

0 

0 

0 

0 

0 

Clay 

5,839 

0 

0 

0 

0 

0 

Clinton 

12,754 

0 

0 

0 

0 

0 

Crawford 

7,842 

0 

0 

0 

0 

0 

Edwards 

2,905 

0 

0 

0 

0 

0 

Effingham 

13,001 

0 

0 

0 

0 

0 

Fayette 

8,146 

0 

0 

0 

0 

0 

Franklin 

16,408 

29.20 

14.90 

4.10 

0.50 

0 

Gallatin 

2,726 

0 

0 

0 

0 

0 

Greene 

5,757 

0 

0 

0 

0 

0 

Hamilton 

3,462 

0 

0 

0 

0 

0 

Hardin 

1,987 

0 

0 

0 

0 

0 

Jackson 

24,215 

83.10 

55.50 

25.10 

5.70 

0.10 

Jasper 

3,930 

0 

0 

0 

0 

0 

Jefferson 

15,374 

0 

0 

0 

0 

0 

Jersey 

8,096 

0 

0 

0 

0 

0 

Johnson 

4,183 

89.70 

67.80 

35.50 

8.20 

0.10 

Lawrence 

6,309 

0 

0 

0 

0 

0 

Macoupin 

19,253 

0 

0 

0 

0 

0 

Madison 

101,953 

0 

0 

0 

0 

0 

Marion 

16,619 

0 

0 

0 

0 

0 

Massac 

6,261 

86.90 

63.70 

35.40 

11.30 

0.10 

Monroe 

10,275 

0 

0 

0 

0 

0 

Montgomery 

11,507 

0 

0 

0 

0 

0 

Perry 

8,504 

0 

0 

0 

0 

0 

Pope 

1,769 

70.40 

35.80 

9.80 

1.20 

0.10 

Pulaski 

2,893 

94.30 

82.00 

57.50 

20.30 

0.10 

Randolph 

12,084 

0 

0 

0 

0 

0 

Richland 

6,660 

0 

0 

0 

0 

0 

Saint  Clair 

96,810 

0 

0 

0 

0 

0 

Saline 

10,992 

7.60 

3.90 

1.10 

0.10 

0 

Union 

7,290 

95.20 

85.70 

63.40 

23.20 

0.10 

Wabash 

5,192 

0 

0 

0 

0 

0 

Washington 

5,848 

0 

0 

0 

0 

0 

Wayne 

7,143 

0 

0 

0 

0 

0 

White 

6,534 

0 

0 

0 

0 

0 

Williamson 

25,358 

79.70 

49.70 

19.90 

4.00 

0.10 

286 


Table  113:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Alexander 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Bond 

1 

96.63 

3.21 

0.15 

0.00 

0.00 

Calhoun 

3 

96.63 

3.21 

0.15 

0.00 

0.00 

Clark 

3 

96.63 

3.21 

0.15 

0.00 

0.00 

Clay 

1 

50.00 

37.59 

11.35 

0.98 

0.06 

Clinton 

2 

50.00 

37.59 

11.35 

0.98 

0.06 

Crawford 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Edwards 

1 

50.00 

37.59 

11.35 

0.98 

0.06 

Effingham 

3 

96.63 

3.21 

0.15 

0.00 

0.00 

Fayette 

2 

96.63 

3.21 

0.15 

0.00 

0.00 

Franklin 

1 

19.73 

42.20 

30.82 

6.56 

0.67 

Gallatin 

3 

19.27 

41.22 

30.11 

6.41 

2.98 

Greene 

4 

96.63 

3.21 

0.15 

0.00 

0.00 

Hamilton 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Hardin 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Jackson 

2 

2.45 

17.06 

38.32 

26.39 

15.76 

Jasper 

1 

96.63 

3.21 

0.15 

0.00 

0.00 

Jefferson 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Jersey 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Johnson 

3 

0.74 

8.99 

33.30 

36.82 

20.13 

Lawrence 

2 

49.81 

37.45 

11.31 

0.98 

0.45 

Macoupin 

4 

96.63 

3.21 

0.15 

0.00 

0.00 

Madison 

8 

61.46 

28.85 

8.51 

0.73 

0.43 

Marion 

2 

50.00 

37.59 

11.35 

0.98 

0.06 

Massac 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Monroe 

1 

18.35 

39.26 

28.68 

6.10 

7.59 

Montgomery 

4 

96.63 

3.21 

0.15 

0.00 

0.00 

Perry 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Pope 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Pulaski 

1 

0.16 

3.24 

19.73 

36.47 

40.38 

Randolph 

4 

19.39 

41.47 

30.29 

6.45 

2.40 

Richland 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Saint  Clair 

6 

39.78 

39.03 

17.81 

2.84 

0.52 

Saline 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Union 

2 

0.03 

0.69 

8.94 

37.31 

53.02 

Wabash 

1 

50.00 

37.59 

11.35 

0.98 

0.06 

Washington 

2 

50.00 

37.59 

11.35 

0.98 

0.06 

Wayne 

3 

50.00 

37.59 

11.35 

0.98 

0.06 

White 

1 

19.73 

42.20 

30.82 

6.56 

0.67 

Williamson 

3 

1.74 

13.81 

37.89 

34.13 

12.40 
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Table  114:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Alexander 

3,808 

99.7 

99.7 

99.5 

83.6 

0 

Bond 

6,155 

0 

0 

0 

0 

0 

Calhoun 

2,046 

0 

0 

0 

0 

0 

Clark 

6,971 

0 

0 

0 

0 

0 

Clay 

5,839 

0 

0 

0 

0 

0 

Clinton 

12,754 

11 

0.8 

0 

0 

0 

Crawford 

7,842 

0 

0 

0 

0 

0 

Edwards 

2,905 

0 

0 

0 

0 

0 

Effingham 

13,001 

0 

0 

0 

0 

0 

Fayette 

8,146 

0 

0 

0 

0 

0 

Franklin 

16,408 

0 

0 

0 

0 

0 

Gallatin 

2,726 

0 

0 

0 

0 

0 

Greene 

5,757 

0 

0 

0 

0 

0 

Hamilton 

3,462 

0 

0 

0 

0 

0 

Hardin 

1,987 

0 

0 

0 

0 

0 

Jackson 

24,215 

96.9 

96.6 

95.8 

82.5 

0 

Jasper 

3,930 

0 

0 

0 

0 

0 

Jefferson 

15,374 

0 

0 

0 

0 

0 

Jersey 

8,096 

0 

0 

0 

0 

0 

Johnson 

4,183 

4.6 

0 

0 

0 

0 

Lawrence 

6,309 

0 

0 

0 

0 

0 

Macoupin 

19,253 

0 

0 

0 

0 

0 

Madison 

101,953 

2.9 

0.3 

0 

0 

0 

Marion 

16,619 

0 

0 

0 

0 

0 

Massac 

6,261 

99.5 

99.4 

99 

57.6 

0 

Monroe 

10,275 

0 

0 

0 

0 

0 

Montgomery 

11,507 

0 

0 

0 

0 

0 

Perry 

8,504 

0 

0 

0 

0 

0 

Pope 

1,769 

0 

0 

0 

0 

0 

Pulaski 

2,893 

99.4 

99.3 

98.8 

0 

0 

Randolph 

12,084 

31.2 

16.3 

0 

0 

0 

Richland 

6,660 

0 

0 

0 

0 

0 

Saint  Clair 

96,810 

7.8 

2.7 

0 

0 

0 

Saline 

10,992 

0 

0 

0 

0 

0 

Union 

7,290 

85.3 

80.9 

66 

0 

0 

Wabash 

5,192 

0 

0 

0 

0 

0 

Washington 

5,848 

0 

0 

0 

0 

0 

Wayne 

7,143 

0 

0 

0 

0 

0 

White 

6,534 

0 

0 

0 

0 

0 

Williamson 

25,358 

48.6 

36.9 

0° 

bo 

0 

0 
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Table  115:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Alexander 

22 

0.12 

2.39 

16.28 

37.72 

43.46 

Bond 

24 

81.09 

14.67 

3.88 

0.33 

0.02 

Calhoun 

5 

96.63 

3.21 

0.15 

0.00 

0.00 

Clark 

34 

96.63 

3.21 

0.15 

0.00 

0.00 

Clay 

20 

50.00 

37.59 

11.35 

0.98 

0.06 

Clinton 

77 

49.96 

37.56 

11.34 

0.98 

0.13 

Crawford 

31 

96.63 

3.21 

0.15 

0.00 

0.00 

Edwards 

16 

50.00 

37.59 

11.35 

0.98 

0.06 

Effingham 

67 

96.63 

3.21 

0.15 

0.00 

0.00 

Fayette 

29 

96.63 

3.21 

0.15 

0.00 

0.00 

Franklin 

59 

15.57 

38.71 

34.52 

9.63 

1.55 

Gallatin 

67 

19.58 

41.89 

30.59 

6.51 

1.40 

Greene 

30 

96.63 

3.21 

0.15 

0.00 

0.00 

Hamilton 

7 

19.73 

42.20 

30.82 

6.56 

0.67 

Hardin 

27 

19.42 

41.55 

30.34 

6.46 

2.21 

Jackson 

194 

4.46 

21.53 

38.52 

24.77 

10.70 

Jasper 

20 

96.63 

3.21 

0.15 

0.00 

0.00 

Jefferson 

58 

28.08 

40.93 

25.45 

5.02 

0.50 

Jersey 

27 

96.63 

3.21 

0.15 

0.00 

0.00 

Johnson 

23 

0.65 

8.31 

32.94 

39.67 

18.41 

Lawrence 

35 

49.83 

37.47 

11.31 

0.98 

0.39 

Macoupin 

79 

96.63 

3.21 

0.15 

0.00 

0.00 

Madison 

273 

74.83 

19.13 

5.34 

0.45 

0.23 

Marion 

67 

50.00 

37.59 

11.35 

0.98 

0.06 

Massac 

31 

1.14 

11.00 

34.84 

34.60 

18.40 

Monroe 

43 

33.67 

39.82 

21.60 

3.93 

0.96 

Montgomery 

87 

96.63 

3.21 

0.15 

0.00 

0.00 

Perry 

73 

19.73 

42.20 

30.82 

6.56 

0.68 

Pope 

14 

8.63 

33.09 

41.05 

14.92 

2.29 

Pulaski 

26 

0.15 

3.11 

19.94 

39.66 

37.13 

Randolph 

70 

21.48 

40.99 

28.79 

6.02 

2.70 

Richland 

18 

50.00 

37.59 

11.35 

0.98 

0.06 

Saint  Clair 

243 

42.48 

38.55 

16.01 

2.32 

0.61 

Saline 

84 

19.73 

42.20 

30.82 

6.56 

0.68 

Union 

25 

0.05 

1.40 

12.99 

39.83 

45.71 

Wabash 

22 

49.95 

37.55 

11.34 

0.98 

0.17 

Washington 

43 

45.07 

38.34 

14.52 

1.89 

0.16 

Wayne 

24 

50.00 

37.59 

11.35 

0.98 

0.06 

White 

23 

19.67 

42.07 

30.73 

6.54 

0.97 

Williamson 

104 

4.91 

23.32 

40.15 

24.13 

7.47 
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Table  116:  Highway  Bridge  Damage 


Counties 

#  of 
Bridges 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Alexander 

91 

13.75 

6.74 

7.48 

16.78 

55.22 

Bond 

150 

98.53 

0.92 

0.27 

0.23 

0.03 

Calhoun 

58 

99.18 

0.46 

0.21 

0.12 

0.02 

Clark 

180 

99.28 

0.47 

0.14 

0.09 

0.01 

Clay 

152 

98.72 

0.83 

0.26 

0.15 

0.02 

Clinton 

175 

97.27 

0.79 

0.25 

1.51 

0.16 

Crawford 

170 

99.31 

0.45 

0.13 

0.08 

0.01 

Edwards 

80 

98.75 

0.82 

0.25 

0.14 

0.02 

Effingham 

217 

98.62 

0.90 

0.28 

0.16 

0.02 

Fayette 

320 

98.87 

0.69 

0.25 

0.15 

0.02 

Franklin 

238 

95.63 

0.81 

0.17 

0.53 

2.84 

Gallatin 

71 

88.63 

1.09 

0.21 

0.16 

9.88 

Greene 

140 

98.25 

1.11 

0.39 

0.21 

0.03 

Hamilton 

167 

98.54 

0.95 

0.18 

0.24 

0.05 

Hardin 

44 

96.01 

2.08 

0.42 

0.30 

1.17 

Jackson 

177 

82.61 

4.22 

0.28 

0.59 

12.28 

Jasper 

151 

98.25 

1.15 

0.37 

0.19 

0.02 

Jefferson 

213 

97.49 

1.12 

0.24 

0.27 

0.86 

Jersey 

90 

97.35 

1.65 

0.62 

0.32 

0.04 

Johnson 

103 

68.28 

8.69 

5.32 

9.54 

8.15 

Lawrence 

148 

92.09 

1.74 

0.41 

4.38 

1.36 

Macoupin 

206 

98.21 

1.19 

0.37 

0.19 

0.02 

Madison 

396 

94.79 

1.10 

0.36 

3.18 

0.54 

Marion 

247 

98.30 

1.14 

0.34 

0.18 

0.02 

Massac 

118 

63.62 

6.39 

4.34 

7.87 

17.75 

Monroe 

102 

87.44 

3.78 

0.28 

3.03 

5.45 

Montgomery 

212 

97.90 

1.31 

0.49 

0.26 

0.04 

Perry 

124 

91.66 

1.60 

0.36 

0.43 

5.93 

Pope 

71 

85.89 

3.99 

2.03 

2.25 

5.82 

Pulaski 

93 

34.52 

8.45 

7.53 

14.99 

34.49 

Randolph 

136 

87.70 

1.73 

0.36 

0.58 

9.61 

Richland 

131 

98.68 

0.89 

0.26 

0.14 

0.02 

Saint  Clair 

383 

92.11 

1.25 

0.31 

4.83 

1.48 

Saline 

164 

97.65 

1.54 

0.34 

0.41 

0.05 

Union 

178 

47.38 

10.27 

8.12 

14.32 

19.89 

Wabash 

76 

97.48 

0.70 

0.32 

1.42 

0.06 

Washington 

202 

98.34 

0.83 

0.19 

0.53 

0.10 

Wayne 

234 

98.42 

1.04 

0.32 

0.18 

0.02 

White 

197 

92.45 

3.45 

0.31 

0.31 

3.45 

Williamson 

149 

90.53 

2.47 

0.24 

0.85 

5.88 
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Table  117:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Alexander 

91 

22.60 

26.54 

29.64 

32.22 

44.26 

Bond 

150 

99.25 

99.56 

99.66 

99.69 

99.80 

Calhoun 

58 

99.53 

99.69 

99.78 

99.79 

99.85 

Clark 

180 

99.62 

99.77 

99.83 

99.84 

99.87 

Clay 

152 

99.37 

99.65 

99.75 

99.77 

99.84 

Clinton 

175 

97.95 

98.22 

98.33 

98.47 

99.22 

Crawford 

170 

99.63 

99.78 

99.83 

99.84 

99.87 

Edwards 

80 

99.39 

99.66 

99.76 

99.78 

99.84 

Effingham 

217 

99.33 

99.63 

99.74 

99.76 

99.84 

Fayette 

320 

99.41 

99.65 

99.75 

99.77 

99.84 

Franklin 

238 

96.31 

96.55 

96.63 

96.73 

97.18 

Gallatin 

71 

89.66 

89.99 

90.10 

90.26 

91.00 

Greene 

140 

99.15 

99.53 

99.68 

99.71 

99.81 

Hamilton 

167 

99.27 

99.56 

99.63 

99.67 

99.78 

Hardin 

44 

97.67 

98.31 

98.48 

98.53 

98.76 

Jackson 

177 

86.05 

87.19 

87.34 

87.56 

88.69 

Jasper 

151 

99.17 

99.56 

99.70 

99.73 

99.82 

Jefferson 

213 

98.37 

98.72 

98.82 

98.87 

99.06 

Jersey 

90 

98.72 

99.31 

99.55 

99.60 

99.75 

Johnson 

103 

76.78 

80.54 

82.66 

83.87 

89.16 

Lawrence 

148 

93.66 

94.21 

94.43 

94.84 

97.11 

Macoupin 

206 

99.16 

99.56 

99.70 

99.73 

99.82 

Madison 

396 

95.80 

96.20 

96.37 

96.67 

98.28 

Marion 

247 

99.20 

99.58 

99.71 

99.74 

99.82 

Massac 

118 

70.26 

73.12 

74.89 

76.03 

81.15 

Monroe 

102 

90.52 

91.56 

91.72 

92.07 

93.94 

Montgomery 

212 

98.97 

99.43 

99.62 

99.66 

99.79 

Perry 

124 

93.04 

93.54 

93.70 

93.83 

94.44 

Pope 

71 

89.60 

91.20 

92.01 

92.38 

93.88 

Pulaski 

93 

44.20 

48.56 

51.62 

53.77 

63.54 

Randolph 

136 

89.25 

89.80 

89.97 

90.16 

91.09 

Richland 

131 

99.36 

99.66 

99.76 

99.78 

99.84 

Saint  Clair 

383 

93.30 

93.72 

93.89 

94.35 

96.85 

Saline 

164 

98.87 

99.34 

99.48 

99.53 

99.73 

Union 

178 

58.29 

63.27 

66.51 

68.45 

76.89 

Wabash 

76 

98.09 

98.36 

98.49 

98.63 

99.34 

Washington 

202 

98.98 

99.24 

99.32 

99.37 

99.63 

Wayne 

234 

99.25 

99.59 

99.72 

99.74 

99.83 

White 

197 

95.14 

96.11 

96.23 

96.33 

96.71 

Williamson 

149 

92.56 

93.25 

93.36 

93.53 

94.34 
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Table  118:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Alexander 

539 

1,457 

949 

Bond 

979 

5 

1 

Calhoun 

524 

3 

1 

Clark 

1,305 

7 

2 

Clay 

1,300 

7 

2 

Clinton 

1,384 

33 

104 

Crawford 

1,303 

7 

2 

Edwards 

587 

3 

1 

Effingham 

1,444 

8 

2 

Fayette 

2,004 

11 

3 

Franklin 

1,332 

11 

17 

Gallatin 

656 

4 

4 

Greene 

1,088 

6 

1 

Hamilton 

1,026 

8 

12 

Hardin 

372 

2 

1 

Jackson 

1,677 

394 

1,348 

Jasper 

1,291 

7 

2 

Jefferson 

1,685 

11 

11 

Jersey 

873 

5 

1 

Johnson 

725 

211 

53 

Lawrence 

1,162 

12 

22 

Macoupin 

2,193 

12 

3 

Madison 

2,998 

46 

121 

Marion 

1,743 

10 

2 

Massac 

588 

454 

861 

Monroe 

827 

6 

6 

Montgomery 

1,813 

10 

2 

Perry 

1,062 

9 

16 

Pope 

546 

30 

7 

Pulaski 

463 

685 

681 

Randolph 

1,381 

50 

172 

Richland 

1,060 

6 

1 

Saint  Clair 

2,949 

57 

167 

Saline 

1,025 

7 

5 

Union 

912 

1,122 

384 

Wabash 

603 

5 

7 

Washington 

1,262 

8 

7 

Wayne 

1,893 

10 

3 

White 

1,461 

10 

12 

Williamson 

1,426 

107 

248 
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Table  119:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Alexander 

323 

1,153 

751 

Bond 

587 

4 

1 

Calhoun 

315 

2 

1 

Clark 

783 

6 

1 

Clay 

780 

6 

1 

Clinton 

830 

26 

82 

Crawford 

782 

6 

1 

Edwards 

352 

3 

1 

Effingham 

867 

6 

2 

Fayette 

1,202 

9 

2 

Franklin 

799 

9 

13 

Gallatin 

394 

4 

4 

Greene 

653 

5 

1 

Hamilton 

616 

6 

9 

Hardin 

223 

2 

0 

Jackson 

1,006 

312 

1,066 

Jasper 

774 

6 

1 

Jefferson 

1,011 

9 

9 

Jersey 

524 

4 

1 

Johnson 

435 

167 

42 

Lawrence 

697 

9 

18 

Macoupin 

1,316 

9 

2 

Madison 

1,799 

36 

96 

Marion 

1,046 

8 

2 

Massac 

353 

359 

681 

Monroe 

496 

4 

5 

Montgomery 

1,088 

8 

2 

Perry 

637 

7 

13 

Pope 

328 

24 

6 

Pulaski 

278 

542 

538 

Randolph 

829 

40 

136 

Richland 

636 

5 

1 

Saint  Clair 

1,769 

45 

132 

Saline 

615 

5 

4 

Union 

547 

888 

303 

Wabash 

362 

4 

6 

Washington 

757 

6 

5 

Wayne 

1,136 

8 

2 

White 

877 

8 

9 

Williamson 

855 

85 

196 

293 


Indiana  -  New  Madrid  Seismic  Zone  Scenario 


This  earthquake  impact  assessment  includes  all  92  counties  in  the  State  of  Indiana. 
Indiana  is  approximately  36,100  square  miles  and  is  bordered  by  Michigan  to  the  north, 
Kentucky  to  the  south,  Ohio  to  the  east,  and  Illinois  to  the  west.  For  the  purposes  of  this 
analysis,  1 1  critical  counties  have  been  identified  in  the  southwestern  portion  of  the  state 
where  shaking  is  anticipated  to  be  most  intense.  These  1 1  counties  are  the  focus  of  much 
of  the  damage  assessment  included  within  this  document.  The  critical  counties  are  listed 
below: 


•  Daviess 

•  Dubois 

•  Gibson 

•  Greene 


•  Knox 

•  Pike 

•  Posey 

•  Spencer 


•  Sullivan 

•  Vanderburgh 

•  Warrick 


Please  note  critical  counties  for  Indiana  are  the  same  for  both  scenarios.  Both  hazards  are 
located  in  the  southwestern  portion  of  the  state  and  thus  the  same  set  of  critical  counties 
is  sufficient  for  both  Indiana  scenarios. 


The  NMSZ  scenario  for  the  State  of  Indiana  consists  of  a  magnitude  7.7  (Mw7.7) 
earthquake  along  one  segment  of  the  New  Madrid  Fault.  The  ground  motions  used  to 
represent  this  seismic  event  were  developed  by  the  U.S.  Geological  Survey  (USGS)  for 
the  middle  fault  in  the  proposed  New  Madrid  Seismic  Zone.  Each  fault  line  is  presumed 
to  consist  of  three  fault  segments;  northeastern,  central,  and  southwestern.  This  scenario, 
the  worst  case  event  for  Indiana,  employs  an  event  in  the  northeast  segment  of  the  eastern 
fault.  For  more  infonnation  on  the  ground  motion  used  in  this  scenario  please  reference 
Appendix  I. 

The  Mw7.7  event  in  the  NMSZ  does  not  generate  catastrophic  damage  as  it  does  in  other 
central  U.S.  states.  Shaking  is  less  intense  even  in  southwestern  Indiana  which  is  closest 
to  the  fault.  Complete  damage  to  buildings  is  extremely  limited,  though  moderate  damage 
is  likely  in  southwestern  counties  such  as  Posey,  Gibson  and  Vanderburgh.  Most 
damaged  structures  are  residential  and  either  single  family  homes  or  other  residential 
buildings  which  are  often  multi-resident  buildings.  Approximately  93%  of  all  damage 
occurs  in  these  two  types  of  residential  structures.  The  critical  counties  in  southwestern 
Indiana  experience  just  over  half  of  all  building  damage.  This  indicates  that  damage 
occurs  in  locations  with  minor  shaking  though  soft  soils  in  outlying  areas  may  contribute 
to  the  extent  of  moderate  damage  outside  the  1 1  critical  counties. 
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Figure  5:  Location  of  Fault  Rupture  for  Indiana  NMSZ  Scenario 


Table  120:  Damage  by  General  Occupancy  Type  for  the  State  of  Indiana 


General  Occupancy  Type  Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,675,434 

2,814 

2 

Other  Residential 

229,169 

3,189 

0 

Commercial 

19,034 

154 

0 

Industrial 

4,317 

37 

0 

Other 

4,102 

266 

0 

Total 

1,932,056 

6,460 

2 

Table  121:  Damage  by  General  Occupancy  Type  for  the  11  Critical  Counties 


General  Occupancy  Type  Damage  (11  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to  „  .  , 

„  Complete  Damage 

Severe  Damage  r  a 

Single  Family 

133,792 

1,652 

2 

Other  Residential 

21,966 

1,386 

0 

Commercial 

1,410 

100 

0 

Industrial 

279 

21 

0 

Other 

1,967 

261 

0 

Total 

159,414 

3,420 

2 
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Table  122:  Building  Damage  by  Building  Type  for  the  State  of  Indiana 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,388,618 

7,908 

150 

0 

0 

Steel 

8,288 

463 

191 

13 

0 

Concrete 

2,618 

126 

39 

1 

0 

Precast 

2,862 

158 

90 

7 

0 

Reinforced  Masonry 

1,737 

35 

14 

1 

0 

Unreinforced  Masonry 

337,716 

18,051 

2,823 

109 

2 

Mobile  Home 

140,340 

16,674 

2,994 

28 

0 

Total 

1,882,179 

43,415 

6,301 

159 

2 

Unlike  the  previous  state  scenarios,  the  NMSZ  event  for  Indiana  generates  relatively  little 
damage  to  wood  frame  structures.  At  the  low  levels  of  shaking  experienced  in  southern 
Indiana  the  relatively  flexibly  nature  of  wood  frame  construction  lets  these  buildings 
move  with  the  imposed  motion  and  bend  without  breaking.  More  brittle  structures,  such 
as  unreinforced  masonry  (URM)  buildings  are  more  likely  to  crack  at  mortar  joints  and 
through  the  bricks  themselves  even  during  minor  to  moderate  shaking.  Mobile  homes  are 
likely  to  be  shaken  partially  off  of  their  foundations  leading  which  defines  moderate 
damage  for  this  building  type.  Over  90%  of  all  moderate  and  more  severe  damage  is 
experienced  by  these  URMs  and  mobile  homes,  making  them  some  of  the  most 
vulnerable  construction  types  in  the  State  of  Indiana. 


Table  123:  Essential  Facilities  Damage  &  Functionality  for  Indiana5 


Essential  Facilities  Damage  &  Functionality 

Essential 
Facility  Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

175 

0 

0 

166 

Schools 

2,686 

0 

0 

2,630 

EOCs 

51 

0 

0 

50 

Police  Stations 

474 

0 

0 

468 

Fire  Stations 

1,210 

0 

0 

1,192 

5  For  Tables  123-133  the  following  method  is  used  to  determine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MH  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.).  In  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged’. 
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Table  124:  Essential  Facilities  Damage  &  Functionality  for  the  Critical  Counties 


Essential  Facilities  Damage  &  Functionality 

Essential 
Facility  Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

16 

0 

0 

16 

Schools 

223 

0 

0 

223 

EOCs 

6 

0 

0 

6 

Police  Stations 

44 

0 

0 

44 

Fire  Stations 

146 

0 

0 

146 

Damage  to  essential  facilities  and  transportation  lifelines  is  minimal  even  in  the  1 1 
critical  counties.  No  facilities  are  estimated  in  incur  moderate  or  more  severe  damage. 
Impacts  to  infrastructure  functionality  are  limited  as  well.  It  is  likely  that  emergency 
services  will  not  be  greatly  impacted  and  will  be  able  to  travel  through  the  more  affected 
areas  of  southern  Indiana  without  many  complications  since  all  airports  and  bridges  are 
estimated  to  remain  operational  in  the  days  immediately  after  the  earthquake. 


Table  125:  Highway  Bridge  Damage  Assessments 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

2,220 

0 

0 

2,220 

Remaining  Counties 

14,285 

0 

0 

14,285 

Total  State 

16,505 

0 

0 

16,505 

Table  126:  Airport  Damage  Assessments 


Airport  Damage  Assessments 

Total  No. 

Of  Airports 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

49 

0 

0 

49 

Remaining  Counties 

447 

0 

0 

447 

Total  State 

496 

0 

0 

496 
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Table  127:  Transportation  System  Damage  for  the  State  of  Indiana 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 

Damage 

(Damage>50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

2,844 

0 

0 

2,844 

Bridges 

16,505 

0 

0 

16,505 

Tunnels 

0 

0 

0 

0 

Railways 

Segments 

4,988 

0 

0 

4,988 

Bridges 

92 

0 

0 

92 

Tunnels 

8 

0 

0 

8 

Facilities 

91 

0 

0 

91 

Bus 

Facilities 

46 

0 

0 

46 

Light  Rail 

Segments 

15 

0 

0 

15 

Bridges 

0 

0 

0 

0 

Facilities 

13 

13 

13 

0 

Ferry 

Facilities 

0 

0 

0 

0 

Port 

Facilities 

91 

0 

0 

91 

Airport 

Facilities 

496 

0 

0 

496 

Runways 

538 

0 

0 

538 

Utility  lifelines  show  limited  damage  in  the  1 1  critical  counties  and  throughout  the  State 
of  Indiana.  Low  levels  of  shaking  are  not  likely  to  generate  moderate  damage  to  facilities 
and  impair  functionality  immediately  after  the  earthquake.  Very  minor  damage  to  some 
of  the  facilities  in  the  critical  counties  is  more  likely  though  this  would  amount  to  minor 
cracking  of  structural  components  and  other  forms  of  damage  that  do  not  reduce  the 
operational  capabilities  of  these  lifelines. 


Table  128:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

16 

0 

0 

16 

Remaining  Counties 

80 

0 

0 

80 

Total  State 

96 

0 

0 

96 

Table  129:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Waste 

Water  Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

52 

0 

0 

52 

Remaining  Counties 

394 

0 

0 

394 

Total  State 

446 

0 

0 

446 
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Table  130:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

7 

0 

0 

7 

Remaining  Counties 

22 

0 

0 

22 

Total  State 

29 

0 

0 

29 

Table  131:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

35 

0 

0 

35 

Remaining  Counties 

135 

0 

0 

135 

Total  State 

170 

0 

0 

170 

Table  132:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

97 

0 

0 

97 

Remaining  Counties 

695 

0 

0 

695 

Total  State 

792 

0 

0 

792 

Table  133:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

2,490 

0 

0 

2,490 

Remaining  Counties 

19,189 

0 

0 

19,189 

Total  State 

21,679 

0 

0 

21,679 

Pipeline  damage  is  estimated  for  local  potable  water,  waste  water  and  natural  gas  systems. 
Major  transmission  pipelines  for  natural  gas  are  added  from  HSIP  2007  data.  Oil 
pipelines  are  not  present  in  the  default  inventory,  or  local  inventory  in  HAZUS-MH  MR2, 
though  regional,  or  major  transmission,  oil  pipelines  are  added  from  HSIP  2007  data  to 
provide  estimates  for  these  major  oil  transmission  lines.  These  oil  pipelines  are 
comprised  of  major  crude  oil  and  refined  product  lines  only.  Regional  and  local  natural 
gas  networks  are  represented  separately  and  damage  is  estimated  for  each.  Potable  water 
lines  show  the  greatest  amount  of  both  breaks  and  leaks  at  728  and  753,  respectively. 
Local  natural  gas  lines,  however,  show  the  greatest  break  and  leak  rates  per  length  of  pipe 
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at  roughly  0.014  leaks/mile  and  breaks/mile  (roughly  1  leak/break  every  70  miles).  In 
addition,  local  and  regional  damage  to  natural  gas  lines  can  be  combined  for  a  total  state 
damage  estimate  of  650  leaks  and  652  breaks  over  the  combined  length  of  54,746  miles 
of  natural  gas  pipeline. 

Potable  water  service  is  cut  off  to  over  44,100  residences  the  day  after  the  scenario 
earthquake.  This  is  reduced  to  1 1,100  residences  within  a  week,  and  all  service  is  restored 
after  one  month.  These  estimates  are  calculated  from  a  formula  that  uses  the  damage  to 
the  distribution  system  to  determine  the  repair  rate.  This  period  of  time  without  water 
prevents  people  from  remaining  in  their  homes  in  the  weeks  immediately  following  the 
earthquake.  Electric  power  lines  are  presumed  to  be  above  ground  and  less  likely  to  incur 
damage  from  moderate  ground  shaking,  unlike  buried  pipelines  that  are  vulnerable  to 
damage  from  liquefaction  and  ground  deformation.  As  a  result  of  the  low  level  of 
shaking,  electric  power  service  is  not  likely  to  be  interrupted  for  residences  in  Indiana, 
even  in  the  first  few  days  following  the  earthquake. 


Table  134:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

111,394 

753 

728 

Waste  Water  -  Local 

66,836 

596 

576 

Natural  Gas  -  Regional 

10,188 

13 

36 

Natural  Gas  -  Local 

44,558 

637 

616 

Oil  -  Regional 

4,625 

17 

60 

Table  135:  Utility  Service  Interruptions  in  Critical  Counties 


Utility 

)  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 
(Critical  Counties) 

Day  1  Day  3  Day  7  Day  30  Day  90 

Potable  Water 

Electric  Power 

188,251 

44,115  34,798  11,075  0  0 

0  0  0  0  0 

The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  level  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 

Some  of  the  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  format  employed  to  generate  HAZUS-MH 
MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage  state 
likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods  for  all 
facilities  of  a  given  type  in  a  specific  county.  The  damage  estimates  shown  previously  for 
corresponding  infrastructure  types  are  based  on  a  different  set  of  criteria  as  discussed  in 
footnote  (5)  and  employed  in  the  preceding  tables  for  this  scenario.  Both  methods  are 
employed  in  HAZUS-MH  MR2  and  are  valid  estimation  methodologies,  though  they 
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generate  different  estimations  of  county  damage  for  a  specific  facility  type.  Consider  the 
following  comparison: 

•  Gibson  County,  Indiana  -  293  highway  bridges 
o  Estimation  procedure  according  to  footnote  5: 

■  Summation  of  individual  bridges  after  that  bridge  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  0  at  least  moderately  damaged 
highway  bridges 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 

appendix: 

■  To  determine  the  percentage  of  highway  bridges  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  bridges  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
bridges  in  the  county  provides  an  estimate  of  18  at  least 
moderately  damaged  highway  bridges 

Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  in  the  topic  damage  tables  produces  more  damage.  Other  infrastructure 
categories  may  or  may  not  follow  this  trend  thus  requiring  an  investigation  of  each 
infrastructure  type  separately.  This  is  not  undertaken  here,  though  it  can  be  done  with  the 
information  provided  in  this  appendix. 

The  following  tables  provide  damage  and  functionality  estimates  for  the  NMSZ  scenario 
critical  counties  in  Indiana.  These  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  four  damage  level  for  a  county. 
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Table  136:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Daviess 

Single  Family 

7,768 

289 

43 

2 

0 

8,102 

Other  Residential 

1,040 

229 

95 

2 

0 

1,366 

Commercial 

73 

4 

1 

0 

0 

78 

Industrial 

9 

2 

1 

0 

0 

12 

Other 

16 

3 

1 

0 

0 

20 

Dubois 

Single  Family 

10,692 

101 

8 

0 

0 

10,801 

Other  Residential 

1,311 

100 

12 

0 

0 

1,423 

Commercial 

127 

3 

0 

0 

0 

130 

Industrial 

89 

2 

0 

0 

0 

91 

Other 

17 

0 

0 

0 

0 

17 

Gibson 

Single  Family 

9,132 

303 

45 

2 

0 

9,482 

Other  Residential 

1,506 

264 

89 

2 

0 

1,861 

Commercial 

60 

3 

1 

0 

0 

64 

Industrial 

8 

0 

0 

0 

0 

8 

Other 

20 

1 

0 

0 

0 

21 

Greene 

Single  Family 

9,007 

85 

7 

0 

0 

9,099 

Other  Residential 

3,113 

320 

40 

0 

0 

3,473 

Commercial 

76 

2 

0 

0 

0 

78 

Industrial 

9 

0 

0 

0 

0 

9 

Other 

19 

1 

0 

0 

0 

20 

Knox 

Single  Family 

10,946 

103 

8 

0 

0 

11,057 

Other  Residential 

1,567 

117 

14 

0 

0 

1,698 

Commercial 

111 

3 

0 

0 

0 

114 

Industrial 

16 

0 

0 

0 

0 

16 

Other 

26 

1 

0 

0 

0 

27 

Pike 

Single  Family 

3,203 

251 

41 

2 

0 

3,497 

Other  Residential 

898 

245 

108 

2 

0 

1,253 

Commercial 

12 

4 

1 

0 

0 

17 

Industrial 

3 

1 

0 

0 

0 

4 

Other 

4 

1 

0 

0 

0 

5 

Posey 

Single  Family 

7,717 

272 

40 

2 

0 

8,031 

Other  Residential 

984 

166 

54 

1 

0 

1,205 

Commercial 

30 

1 

0 

0 

0 

31 

Industrial 

9 

0 

0 

0 

0 

9 

Other 

10 

0 

0 

0 

0 

10 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Spencer 

Single  Family 

5,809 

55 

4 

0 

0 

5,868 

Other  Residential 

1,026 

101 

12 

0 

0 

1,139 

Commercial 

45 

1 

0 

0 

0 

46 

Industrial 

6 

0 

0 

0 

0 

6 

Other 

25 

1 

0 

0 

0 

26 

Sullivan 

Single  Family 

5,673 

53 

4 

0 

0 

5,730 

Other  Residential 

1,230 

125 

15 

0 

0 

1,370 

Commercial 

22 

1 

0 

0 

0 

23 

Industrial 

1 

0 

0 

0 

0 

1 

Other 

3 

0 

0 

0 

0 

3 

Vanderburgh 

Single  Family 

39,632 

6,258 

1,053 

53 

1 

46,997 

Other  Residential 

3,274 

1,283 

592 

17 

0 

5,166 

Commercial 

455 

192 

79 

6 

0 

732 

industrial 

60 

27 

15 

1 

0 

103 

Other 

1,055 

487 

240 

18 

0 

1,800 

Warrick 

Single  Family 

12,874 

1,913 

322 

16 

0 

15,125 

Other  Residential 

1,078 

604 

323 

8 

0 

2,013 

Commercial 

61 

25 

10 

1 

0 

97 

Industrial 

11 

4 

2 

0 

0 

18 

Other 

10 

3 

1 

0 

0 

14 

Table  137:  Hospital  Functionality 


*  Note:  Discrepancies  between  the  number  of  hospital  beds  and  the  percentage  of  beds 
may  occur  due  to  rounding. 
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Table  138:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Daviess 

3 

94.10 

Dubois 

5 

94.10 

Gibson 

3 

80.03 

Greene 

5 

94.10 

Knox 

3 

94.10 

Pike 

4 

73.00 

Posey 

5 

86.60 

Spencer 

2 

94.10 

Sullivan 

3 

94.10 

Vanderburgh 

7 

46.07 

Warrick 

4 

51.90 

Table  139:  School  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Daviess 

21 

88.07 

Dubois 

21 

94.10 

Gibson 

20 

84.86 

Greene 

14 

94.10 

Knox 

18 

94.10 

Pike 

5 

85.66 

Posey 

14 

81.82 

Spencer 

13 

93.06 

Sullivan 

10 

94.10 

Vanderburgh 

66 

46.64 

Warrick 

21 

53.41 

Table  140:  Fire  Station  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Daviess 

12 

87.07 

Dubois 

14 

94.10 

Gibson 

13 

81.12 

Greene 

14 

94.10 

Knox 

19 

94.10 

Pike 

8 

78.28 

Posey 

10 

82.38 

Spencer 

7 

90.53 

Sullivan 

12 

94.10 

Vanderburgh 

26 

46.82 

Warrick 

11 

63.41 
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Table  141:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Daviess 

167 

99.70 

99.90 

99.90 

99.90 

99.90 

Dubois 

274 

99.70 

99.90 

99.90 

99.90 

99.90 

Gibson 

235 

93.08 

98.78 

99.28 

99.80 

99.88 

Greene 

155 

99.80 

99.90 

99.90 

99.90 

99.90 

Knox 

301 

99.70 

99.90 

99.90 

99.90 

99.90 

Pike 

127 

93.11 

98.81 

99.31 

99.83 

99.89 

Posey 

200 

92.99 

98.69 

99.19 

99.73 

99.87 

Spencer 

127 

96.74 

99.37 

99.59 

99.83 

99.89 

Sullivan 

184 

99.80 

99.90 

99.90 

99.90 

99.90 

Vanderburgh 

507 

91.47 

97.91 

98.55 

99.42 

99.81 

Warrick 

213 

93.09 

98.79 

99.29 

99.81 

99.88 

Table  142:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Daviess 

10,894 

0.00 

0.00 

0.00 

0.00 

0.00 

Dubois 

14,813 

0.00 

0.00 

0.00 

0.00 

0.00 

Gibson 

12,847 

57.89 

49.02 

25.39 

0.00 

0.00 

Greene 

13,372 

0.00 

0.00 

0.00 

0.00 

0.00 

Knox 

15,552 

0.00 

0.00 

0.00 

0.00 

0.00 

Pike 

5,119 

0.00 

0.00 

0.00 

0.00 

0.00 

Posey 

10,205 

0.00 

0.00 

0.00 

0.00 

0.00 

Spencer 

7,569 

0.00 

0.00 

0.00 

0.00 

0.00 

Sullivan 

7,819 

0.00 

0.00 

0.00 

0.00 

0.00 

Vanderburgh 

70,623 

51.93 

40.36 

11.06 

0.00 

0.00 

Warrick 

19,438 

0.00 

0.00 

0.00 

0.00 

0.00 

Table  143:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Daviess 

2 

93.7% 

6.0% 

0.4% 

0.0% 

0.0% 

Dubois 

3 

93.7% 

6.0% 

0.4% 

0.0% 

0.0% 

Gibson 

1 

49.6% 

37.3% 

11.3% 

1.0% 

0.8% 

Greene 

1 

96.6% 

3.2% 

0.2% 

0.0% 

0.0% 

Knox 

1 

93.7% 

6.0% 

0.4% 

0.0% 

0.0% 

Pike 

2 

49.8% 

37.4% 

11.3% 

1.0% 

0.4% 

Posey 

1 

49.6% 

37.3% 

11.3% 

1.0% 

0.8% 

Spencer 

1 

49.6% 

37.3% 

11.3% 

1.0% 

0.8% 

Sullivan 

2 

96.6% 

3.2% 

0.2% 

0.0% 

0.0% 

Vanderburgh 

1 

49.6% 

37.3% 

11.3% 

1.0% 

0.8% 

Warrick 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 
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Table  144:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Daviess 

1,178 

6 

2 

Dubois 

1,230 

7 

2 

Gibson 

1,515 

86 

314 

Greene 

1,430 

8 

2 

Knox 

1,487 

8 

2 

Pike 

935 

5 

1 

Posey 

1,296 

11 

16 

Spencer 

1,182 

6 

2 

Sullivan 

1,250 

7 

2 

Vanderburgh 

1,353 

70 

252 

Warrick 

1,211 

7 

2 

Table  145:  Households  without  Electric  Power  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Daviess 

10,894 

0.00 

0.00 

0.00 

0.00 

0.00 

Dubois 

14,813 

0.00 

0.00 

0.00 

0.00 

0.00 

Gibson 

12,847 

0.00 

0.00 

0.00 

0.00 

0.00 

Greene 

13,372 

0.00 

0.00 

0.00 

0.00 

0.00 

Knox 

15,552 

0.00 

0.00 

0.00 

0.00 

0.00 

Pike 

5,119 

0.00 

0.00 

0.00 

0.00 

0.00 

Posey 

10,205 

0.00 

0.00 

0.00 

0.00 

0.00 

Spencer 

7,569 

0.00 

0.00 

0.00 

0.00 

0.00 

Sullivan 

7,819 

0.00 

0.00 

0.00 

0.00 

0.00 

Vanderburgh 

70,623 

0.00 

0.00 

0.00 

0.00 

0.00 

Warrick 

19,438 

0.00 

0.00 

0.00 

0.00 

0.00 

Table  146:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Daviess 

5 

93.7% 

6.0% 

0.4% 

0.0% 

0.0% 

Dubois 

6 

93.7% 

6.0% 

0.4% 

0.0% 

0.0% 

Gibson 

5 

49.9% 

37.5% 

11.3% 

1.0% 

0.2% 

Greene 

6 

96.6% 

3.2% 

0.2% 

0.0% 

0.0% 

Knox 

3 

93.7% 

6.0% 

0.4% 

0.0% 

0.0% 

Pike 

3 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Posey 

3 

49.7% 

37.4% 

11.3% 

1.0% 

0.6% 

Spencer 

7 

68.7% 

24.0% 

6.6% 

0.6% 

0.0% 

Sullivan 

6 

96.6% 

3.2% 

0.2% 

0.0% 

0.0% 

Vanderburgh 

3 

49.7% 

37.4% 

11.3% 

1.0% 

0.6% 

Warrick 

5 

49.7% 

37.4% 

11.3% 

1.0% 

0.7% 
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Table  147:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Daviess 

707 

5 

1 

Dubois 

738 

5 

1 

Gibson 

909 

68 

248 

Greene 

858 

6 

2 

Knox 

892 

6 

2 

Pike 

561 

4 

1 

Posey 

777 

8 

12 

Spencer 

710 

5 

1 

Sullivan 

750 

5 

1 

Vanderburgh 

812 

55 

199 

Warrick 

727 

5 

1 

Table  148:  Highway  Bridge  Damage 


Counties 

#  of 
Bridges 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Daviess 

136 

98.62% 

0.96% 

0.25% 

0.13% 

0.02% 

Dubois 

192 

99.55% 

0.29% 

0.08% 

0.05% 

0.01% 

Gibson 

293 

92.32% 

0.22% 

0.06% 

6.31% 

1.06% 

Greene 

201 

99.41% 

0.38% 

0.12% 

0.07% 

0.01% 

Knox 

288 

99.35% 

0.40% 

0.14% 

0.09% 

0.01% 

Pike 

136 

94.36% 

0.19% 

0.04% 

5.02% 

0.36% 

Posey 

191 

96.06% 

0.31% 

0.17% 

2.84% 

0.60% 

Spencer 

212 

94.24% 

0.16% 

0.11% 

5.09% 

0.37% 

Sullivan 

204 

99.11% 

0.60% 

0.17% 

0.09% 

0.01% 

Vanderburgh 

188 

90.87% 

0.54% 

0.09% 

5.04% 

3.43% 

Warrick 

173 

94.17% 

0.29% 

0.09% 

4.48% 

0.95% 

Table  149:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Daviess 

136 

99.36 

99.67 

99.76 

99.78 

99.84 

Dubois 

192 

99.75 

99.83 

99.86 

99.87 

99.88 

Gibson 

293 

92.73 

92.80 

92.92 

93.47 

96.69 

Greene 

201 

99.67 

99.79 

99.84 

99.85 

99.87 

Knox 

288 

99.63 

99.76 

99.82 

99.83 

99.87 

Pike 

136 

94.67 

94.72 

94.81 

95.25 

97.77 

Posey 

191 

96.41 

96.54 

96.64 

96.90 

98.35 

Spencer 

212 

94.55 

94.62 

94.74 

95.18 

97.74 

Sullivan 

204 

99.55 

99.74 

99.81 

99.82 

99.86 

Vanderburgh 

188 

91.51 

91.68 

91.79 

92.27 

95.01 

Warrick 

173 

94.56 

94.66 

94.76 

95.16 

97.45 
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Indiana  -  Wabash  Valley  Seismic  Zone  Scenario 


This  scenario  for  the  State  of  Indiana  includes  the  same  set  of  1 1  critical  counties  as  listed 
in  the  NMSZ  scenario  discussion.  As  mentioned  earlier,  both  scenarios  produce  the  most 
substantial  shaking  in  southwestern  Indiana  and  thus  the  same  set  of  counties  is  used.  For 
a  comparison  of  ground  shaking  values  for  the  two  Indiana  scenarios  please  reference 
Appendix  I. 

The  scenario  consists  of  a  Mw7.1  earthquake  along  the  Wabash  Valley  Fault  system.  The 
ground  motions  used  to  represent  this  seismic  event  were  developed  by  the  U.S. 
Geological  Survey  (USGS).  Though  the  Wabash  Valley  Seismic  Zone  (WVSZ)  covers 
significant  area  in  southern  Illinois,  the  actual  fault  modeled  by  the  USGS  is  much 
shorter  than  the  NMSZ  faults.  Figure  6  illustrates  the  location  of  the  Wabash  Valley  fault 
utilized  in  the  creation  of  USGS  shaking  maps  for  this  seismic  zone. 


Figure  6:  Wabash  Valley  Seismic  Zone  Fault  for  the  State  of  Indiana 


The  WVSZ  scenario  generates  thousands  of  cases  of  complete  damage  which  is  much 
greater  than  the  level  of  complete  damage  from  the  NMSZ  scenario.  The  fault  rupture  is 
much  closer  to  the  State  of  Indiana  and  thus  the  shaking  is  far  more  intense,  particularly 
in  the  critical  counties.  Again,  residential  structures  incur  the  majority  of  damage,  both 
moderate  and  complete.  Residential  structures  account  for  over  95%  of  all  complete 
damage  with  single  family  homes  contributing  over  85%  of  complete  damage  cases. 
Moderate  and  severe  dame  shows  similar  estimates  with  single  family  homes  incurring 
70%  of  all  moderate  damage. 
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Nearly  all  complete  damage,  nearly  97%,  occurs  in  the  1 1  critical  counties  in 
southwestern  Indiana.  Only  20%  of  all  moderate  and  severe  building  damage  occurs  in 
this  area,  indicating  that  the  moderate  level  of  shaking  outside  the  critical  counties  is 
enough  to  cause  significant  cracking  of  concrete  and  unreinforced  masonry.  With  this 
many  extreme  damage  cases  in  the  critical  counties  and  moderate  damage  extending  to 
the  north  and  west  of  that  area,  numerous  people  will  be  displaced  over  a  much  larger  set 
of  counties  in  Indiana. 


Table  150:  Damage  by  General  Occupancy  Type  for  the  State  of  Indiana 


General  Occupancy  Type 

Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,675,434 

5,315 

7,464 

Other  Residential 

229,169 

2,068 

1,161 

Commercial 

19,034 

200 

90 

Industrial 

4,317 

30 

15 

Other 

4,102 

31 

224 

Total 

1,932,056 

7,644 

8,954 

Table  151:  Damage  by  General  Occupancy  Type  for  the  11  Critical  Counties 


General  Occupancy  Type  Damage  (11  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to  «  ,  . 

„  Complete  Damage 

Severe  Damage  r  3 

Single  Family 

133,792 

926 

7,228 

Other  Residential 

21,966 

540 

1,085 

Commercial 

1,410 

24 

90 

Industrial 

279 

7 

15 

Other 

1,967 

6 

224 

Total 

159,414 

1,503 

8,642 

Table  152:  Building  Damage  by  Building  Type  for  the  State  of  Indiana 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,370,489 

19,342 

515 

24 

6,305 

Steel 

8,545 

222 

83 

4 

101 

Concrete 

2,655 

72 

13 

0 

44 

Precast 

2,912 

107 

46 

2 

51 

Reinforced  Masonry 

1,717 

41 

15 

0 

14 

Unreinforced  Masonry 

330,681 

21,176 

4,936 

227 

1,683 

Mobile  Home 

148,359 

9,140 

1,767 

13 

756 

Total 

1,865,358 

50,100 

7,374 

270 

8,954 

Building  damage  by  building  type  is  illustrated  in  Table  152  for  the  entire  State  of 
Indiana.  The  WVSZ  scenario  shows  a  substantial  number  of  wood  frame  collapses 
though  very  few  occurrences  of  damage  in  the  less  severe  damage  states.  This  is  likely 
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due  to  liquefaction  in  the  critical  counties  causing  substantial  settlements  that  damage 
structures  severely.  Roughly  70%  of  all  complete  damage  is  experienced  by  wood  frame 
structures  and  nearly  another  20%  is  attributed  to  URMs.  Moderate  damage  is  more 
common  in  URMs  and  mobile  homes  than  any  other  type  of  construction. 


Table  153:  Essential  Facilities  Damage  &  Functionality  for  the  State  of  Indiana6 


Essential  Facilities  Damage  &  Functionality 

Essential 
Facility  Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

175 

0 

0 

174 

Schools 

2,686 

0 

0 

2,666 

EOCs 

51 

0 

0 

49 

Police  Stations 

474 

0 

0 

466 

Fire  Stations 

1,210 

0 

0 

1,195 

Table  154:  Essential  Facilities  Damage  &  Functionality  for  the  11  Critical  Counties 


Essential  Facilities  Damage  &  Functionality 

Essential 
Facility  Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

16 

0 

0 

15 

Schools 

223 

0 

0 

203 

EOCs 

6 

0 

0 

4 

Police  Stations 

44 

0 

0 

36 

Fire  Stations 

146 

0 

0 

131 

Most  essential  facilities  are  not  likely  to  incur  moderate  damage  due  to  the  WVSZ  event, 
though  lese  severe  damage  levels  are  possible.  While  no  essential  facilities  are  expected 
to  experience  substantial  damage  some  will  have  reduced  functionality.  Schools  report 
the  greatest  loss  of  functionality  with  20  schools  not  operating  in  Knox  and  Posey 
Counties.  In  addition,  15  fire  stations  8  police  stations  and  a  hospital  are  not  operating 
immediately  after  the  earthquake.  Most  of  these  facilities  are  located  in  Know,  Gibson, 
Posey  and  Dubois  Counties.  All  facilities  outside  of  the  critical  counties  are  fully 
operational  the  day  after  the  earthquake. 


6  For  Tables  153-163  the  following  method  is  used  to  determine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MF1  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.),  in  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged’. 
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Table  155:  Highway  Bridge  Damage  Assessments 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

2,220 

0 

0 

2,220 

Remaining  Counties 

14,285 

0 

0 

14,285 

Total  State 

16,505 

0 

0 

16,505 

Table  156:  Airport  Damage  Assessments 


Airport 

Damage  Assessments 

Total  No. 

Of  Airports 

At  Least 
Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

49 

0 

0 

47 

Remaining  Counties 

447 

0 

0 

447 

Total  State 

496 

0 

0 

494 

Table  157:  Transportation  System  Damage  for  the  State  of  Indiana 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 

Damage 

(Damage>50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

2,844 

0 

0 

2,844 

Bridges 

16,505 

0 

0 

16,505 

Tunnels 

0 

0 

0 

0 

Railways 

Segments 

4,988 

0 

0 

4,988 

Bridges 

92 

0 

0 

92 

Tunnels 

8 

0 

0 

8 

Facilities 

91 

0 

0 

91 

Bus 

Facilities 

46 

1 

0 

46 

Light  Rail 

Segments 

15 

0 

0 

15 

Bridges 

0 

0 

0 

0 

Facilities 

13 

13 

13 

0 

Ferry 

Facilities 

0 

0 

0 

0 

Port 

Facilities 

91 

0 

0 

91 

Airport 

Facilities 

496 

5 

0 

494 

Runways 

538 

0 

0 

538 

Transportation  facilities  and  networks  are  similar  to  essential  facilities  in  so  far  as 
facilities  are  not  damaged  significantly  but  there  is  some  reduced  functionality. 
Functionalities  differ  from  damage  states  in  that  functionalities  indicate  the  operational 
capabilities  of  various  infrastructure  components  and  do  not  indicate  the  level  of  damage 
sustained  by  that  particular  component.  Damage  state  calculations  are  separate  from 
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functionality  calculations  in  impact  assessment  modeling.  For  example,  a  highway  bridge 
may  sustain  minor  damage,  but  still  remain  operational.  Conversely,  a  bridge  suffering 
severe  structural  damage  and  substantial  settlement  is  likely  not  able  to  be  used.  The 
WVSZ  scenario  only  impairs  the  functionality  of  several  airports  and  those  are  located 
within  the  critical  counties.  All  transportation  lifelines  outside  the  critical  counties  are 
fully  operational  the  day  after  the  earthquake. 

There  are  no  instances  of  complete  damage  to  any  utility  facilities  in  the  1 1  critical 
counties  or  the  remainder  of  the  state.  Numerous  types  of  facilities,  however,  show  cases 
of  moderate  or  severe  damage.  Electric  power  and  communication  facilities  show  the 
most  cases  of  damage  with  23  and  435  moderately  or  severely  damaged  facilities, 
respectively.  This  level  of  damage  impairs  the  functionality  of  all  utility  facilities, 
particularly  in  southwestern  Indiana.  Over  20  waste  water  facilities  are  estimated  to  be 
non-functional  the  day  after  the  event  in  the  1 1  critical  counties  alone.  Ten  oil  facilities 
will  not  be  operational,  which  may  impede  the  transport  of  oil  through  the  central  U.S.  to 
other  portions  of  the  country.  Over  half,  or  53,  of  all  electric  power  facilities  in 
southwestern  Indiana  are  not  operational  meaning  they  can  not  provide  power  to 
customers.  Those  customers  that  did  not  experience  substantial  structural  damage  to  their 
homes  may  be  displaced  due  to  lack  of  power,  or  even  potable  water.  Furthermore, 
emergency  response  efforts  may  be  impeded  by  the  lack  of  electric  power. 
Communication  facilities  report  the  greatest  loss  of  functionality  with  over  130  facilities 
non-operational  in  the  days  immediately  following  the  event.  Without  communication 
facilities  functioning  properly  it  may  be  difficult  to  coordinate  emergency  response  and 
aid  efforts. 


Table  158:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

16 

4 

0 

12 

Remaining  Counties 

80 

0 

0 

80 

Total  State 

96 

4 

0 

92 

Table  159:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of  Waste 
Water  Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

52 

4 

0 

30 

Remaining  Counties 

394 

0 

0 

394 

Total  State 

446 

4 

0 

424 
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Table  160:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

7 

0 

0 

7 

Remaining  Counties 

22 

0 

0 

22 

Total  State 

29 

0 

0 

29 

Table  161:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

35 

3 

0 

25 

Remaining  Counties 

135 

0 

0 

135 

Total  State 

170 

3 

0 

160 

Table  162:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

97 

23 

0 

44 

Remaining  Counties 

695 

0 

0 

695 

Total  State 

792 

23 

0 

739 

Table  163:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

1 1  Critical  Counties 

2,490 

432 

0 

2,359 

Remaining  Counties 

19,189 

3 

0 

19,189 

Total  State 

21,679 

435 

0 

21,548 

Pipeline  damage  is  estimated  for  local  potable  water,  waste  water  and  natural  gas  systems. 
Major  transmission  pipelines  for  natural  gas  are  added  from  HSIP  2007  data.  Oil 
pipelines  are  not  present  in  the  default  inventory,  or  local  inventory  in  HAZUS-MH  MR2, 
though  regional,  or  major  transmission,  oil  pipelines  are  added  from  HSIP  2007  data  to 
provide  estimates  for  these  major  oil  transmission  lines.  These  oil  pipelines  are 
comprised  of  major  crude  oil  and  refined  product  lines  only.  Regional  and  local  natural 
gas  networks  are  represented  separately  and  damage  is  estimated  for  each.  Potable  water 
lines  show  the  greatest  amount  of  both  breaks  and  leaks  at  2,613  and  1,032,  respectively. 
Local  natural  gas  lines,  however,  show  the  greatest  break  and  leak  rates  per  length  of  pipe 
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at  roughly  0.023  leaks/mile  (roughly  1  leak  every  43  miles)  or  0.051  breaks/mile  (roughly 
1  break  every  20  miles).  In  addition,  local  and  regional  damage  to  natural  gas  lines  can  be 
combined  for  a  total  state  damage  estimate  of  approximately  1,100  leaks  and  2,400 
breaks  over  the  combined  length  of  54,746  miles  of  natural  gas  pipeline. 

Potable  water  service  is  cut  off  to  over  42,000  residences  the  day  after  the  scenario 
earthquake.  This  is  reduced  to  26,800  residences  within  a  week,  and  all  service  is  restored 
after  three  months.  This  period  of  time  without  water  prevents  people  from  remaining  in 
their  homes  in  the  weeks  immediately  following  the  earthquake.  As  a  result  of  the 
moderate  level  of  shaking,  electric  power  service  is  interrupted  to  nearly  15,000 
residences  in  Indiana  the  day  after  the  earthquake.  Over  4,000  residences  are  still  without 
power  after  one  week.  Almost  all  disruptions  in  potable  water  service  and  electrical 
power  service  occur  in  the  1 1  critical  counties. 


Table  164:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

1 1 1 ,394 

1,032 

2,613 

Waste  Water  -  Local 

66,836 

816 

2,067 

Natural  Gas  -  Regional 

10,188 

31 

111 

Natural  Gas  -  Local 

44,558 

1,046 

2,252 

Oil  -  Regional 

4,625 

56 

219 

Table  165:  Utility  Service  Interruptions 


Utility 

f  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 
(Critical  Counties) 

Day  1  Day  3  Day  7  Day  30  Day  90 

Potable  Water 

Electric  Power 

188,251 

42,022*  31,248  26,786  18,504  0 

14,994  9,419  4,185  1,169  19 

NOTE:  All  disruptions  to  potable  water  service  and  electrical  power  service  occur  in  the 
1 1  critical  counties  with  the  exception  of  44 1  households  that  lose  potable  water  service 
in  Day  1 . 

The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  level  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 

Some  of  the  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  format  employed  to  generate  the  HAZUS- 
MH  MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage 
state  likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods 
for  all  facilities  of  a  given  type  in  a  specific  county.  The  damage  estimates  shown 
previously  for  corresponding  infrastructure  types  are  based  on  a  different  set  of  criteria  as 
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discussed  in  footnote  (6)  and  employed  in  the  preceding  table  for  this  scenario.  Both 
methods  are  employed  in  HAZUS-MH  MR2  and  are  valid  estimation  methodologies, 
though  they  generate  different  estimations  of  county  damage  for  a  specific  facility  type. 
Consider  the  following  comparison: 

•  Dubois  County,  Indiana  -  192  highway  bridges 
o  Estimation  procedure  according  to  footnote  6: 

■  Summation  of  individual  bridges  after  that  bridges  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  0  at  least  moderately  damaged 
highway  bridges 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  highway  bridges  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  bridges  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
bridges  in  the  county  provides  an  estimate  of  8  at  least 
moderately  damaged  highway  bridges 

In  the  case  of  Dubois  County,  Indiana,  the  topic  damage  tables  in  this  appendix  provide  a 
higher  estimate  of  damage  as  opposed  to  the  waste  water  facility  damage  summation 
detailed  in  footnote  (6).  Though  not  illustrated  here,  other  counties  in  Indiana  are 
estimated  to  incur  lesser  damage  when  this  averaging  estimation  procedure  is  used. 
Comparing  the  total  number  of  at  least  moderately  damaged  highway  bridges  for  the  1 1 
critical  counties  in  Indiana  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  highway  bridges 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  146  at  least  moderately  damaged  highway  bridges 

o  Total  number  of  at  least  moderately  damaged  highway  bridges 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  0  at  least  moderately  damaged  highway  bridges 

Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  more  damage.  Other  infrastructure  categories  may  or  may  not  follow 
this  trend  thus  requiring  an  investigation  of  each  infrastructure  type  separately.  This  is  not 
undertaken  here,  though  it  can  be  done  with  the  information  provided  in  this  appendix  for 
the  WVSZ  scenario  in  Indiana. 

The  following  tables  provide  damage  and  functionality  estimates  for  the  WVSZ  scenario 
critical  counties  in  Indiana.  These  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  four  damage  level  for  a  county. 


315 


Table  166:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Daviess 

Single  Family 

7,267 

694 

103 

12 

28 

8,104 

Other  Residential 

1,099 

207 

55 

1 

4 

1,366 

Commercial 

62 

11 

3 

0 

0 

76 

Industrial 

11 

1 

0 

0 

0 

12 

Other 

18 

2 

0 

0 

0 

20 

Dubois 

Single  Family 

9,659 

990 

146 

6 

0 

10,801 

Other  Residential 

1,176 

199 

47 

1 

0 

1,423 

Commercial 

102 

22 

7 

0 

0 

131 

Industrial 

77 

11 

4 

0 

0 

92 

Other 

15 

2 

1 

0 

0 

18 

Gibson 

Single  Family 

7,121 

829 

123 

10 

1,398 

9,481 

Other  Residential 

1,101 

339 

95 

1 

324 

1,860 

Commercial 

44 

10 

3 

0 

6 

63 

Industrial 

6 

1 

1 

0 

1 

9 

Other 

15 

3 

1 

0 

3 

22 

Greene 

Single  Family 

9,051 

45 

3 

0 

0 

9,099 

Other  Residential 

3,376 

92 

5 

0 

0 

3,473 

Commercial 

77 

1 

0 

0 

0 

78 

Industrial 

9 

0 

0 

0 

0 

9 

Other 

20 

0 

0 

0 

0 

20 

Knox 

Single  Family 

7,753 

1,321 

188 

12 

1,784 

11,058 

Other  Residential 

965 

346 

92 

2 

294 

1,699 

Commercial 

69 

17 

5 

0 

22 

113 

Industrial 

10 

2 

1 

0 

4 

17 

Other 

16 

4 

1 

0 

5 

26 

Pike 

Single  Family 

3,366 

115 

16 

1 

0 

3,498 

Other  Residential 

1,055 

157 

41 

0 

0 

1,253 

Commercial 

16 

1 

0 

0 

0 

17 

Industrial 

4 

0 

0 

0 

0 

4 

Other 

4 

0 

0 

0 

0 

5 

Posey 

Single  Family 

6,589 

1,001 

151 

15 

276 

8,032 

Other  Residential 

745 

327 

95 

2 

36 

1,205 

Commercial 

21 

5 

2 

0 

2 

30 

Industrial 

6 

2 

1 

0 

1 

10 

Other 

8 

2 

1 

0 

1 

12 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Spencer 

Single  Family 

5,837 

29 

2 

0 

0 

5,868 

Other  Residential 

1,108 

29 

2 

0 

0 

1,139 

Commercial 

46 

0 

0 

0 

0 

46 

Industrial 

6 

0 

0 

0 

0 

6 

Other 

26 

0 

0 

0 

0 

26 

Sullivan 

Single  Family 

4,931 

672 

98 

5 

25 

5,730 

Other  Residential 

948 

325 

92 

1 

5 

1,371 

Commercial 

17 

4 

1 

0 

0 

22 

Industrial 

1 

0 

0 

0 

0 

1 

Other 

2 

1 

0 

0 

0 

3 

Vanderburgh 

Single  Family 

42,962 

287 

26 

5 

3,718 

46,998 

Other  Residential 

4,663 

75 

5 

0 

422 

5,165 

Commercial 

666 

7 

1 

0 

59 

733 

Industrial 

93 

1 

0 

0 

9 

103 

Other 

1,565 

17 

2 

0 

216 

1,800 

Warrick 

Single  Family 

15,045 

75 

5 

0 

0 

15,125 

Other  Residential 

1,960 

49 

3 

0 

0 

2,013 

Commercial 

96 

1 

0 

0 

0 

97 

Industrial 

18 

0 

0 

0 

0 

18 

Other 

15 

0 

0 

0 

0 

15 

Table  167:  Hospital  Functionality 


*Note:  Discrepancies  between  the  number  of  hospital  beds  and  the  percentages  of  beds 
may  occur  due  to  rounding. 
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Table  168:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Daviess 

3 

69.47 

Dubois 

5 

63.08 

Gibson 

3 

69.47 

Greene 

5 

96.60 

Knox 

3 

45.83 

Pike 

4 

96.60 

Posey 

5 

49.20 

Spencer 

2 

96.60 

Sullivan 

3 

69.80 

Vanderburgh 

7 

80.83 

Warrick 

4 

96.60 

Table  169:  School  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Daviess 

21 

71.40 

Dubois 

21 

73.30 

Gibson 

20 

65.99 

Greene 

14 

96.60 

Knox 

18 

46.83 

Pike 

5 

88.56 

Posey 

14 

58.04 

Spencer 

13 

92.28 

Sullivan 

10 

68.27 

Vanderburgh 

66 

86.25 

Warrick 

21 

95.37 

Table  170:  Fire  Station  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Daviess 

12 

75.08 

Dubois 

14 

82.24 

Gibson 

13 

71.55 

Greene 

14 

96.60 

Knox 

19 

50.94 

Pike 

8 

91.58 

Posey 

10 

50.71 

Spencer 

7 

91.59 

Sullivan 

12 

62.54 

Vanderburgh 

26 

86.95 

Warrick 

11 

96.60 
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Table  171:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Daviess 

167 

84.05 

95.77 

97.25 

99.55 

99.88 

Dubois 

274 

93.17 

98.87 

99.37 

99.88 

99.90 

Gibson 

235 

78.26 

92.40 

94.50 

98.31 

99.67 

Greene 

155 

88.98 

97.48 

98.44 

99.77 

99.90 

Knox 

301 

56.36 

77.04 

82.38 

93.90 

98.88 

Pike 

127 

91.76 

98.39 

99.05 

99.83 

99.90 

Posey 

200 

86.39 

96.46 

97.67 

99.53 

99.87 

Spencer 

127 

93.11 

98.81 

99.31 

99.84 

99.90 

Sullivan 

184 

65.64 

85.20 

89.51 

97.92 

99.61 

Vanderburgh 

507 

93.13 

98.71 

99.21 

99.77 

99.90 

Warrick 

213 

93.14 

98.84 

99.34 

99.86 

99.90 

Table  172:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Daviess 

10,894 

0.00 

0.00 

0.00 

0.00 

0.00 

Dubois 

14,813 

0.00 

0.00 

0.00 

0.00 

0.00 

Gibson 

12,847 

94.15 

93.34 

91.29 

40.71 

0.00 

Greene 

13,372 

0.00 

0.00 

0.00 

0.00 

0.00 

Knox 

15,552 

97.72 

97.45 

96.82 

85.35 

0.00 

Pike 

5,119 

0.00 

0.00 

0.00 

0.00 

0.00 

Posey 

10,205 

0.00 

0.00 

0.00 

0.00 

0.00 

Spencer 

7,569 

0.00 

0.00 

0.00 

0.00 

0.00 

Sullivan 

7,819 

0.00 

0.00 

0.00 

0.00 

0.00 

Vanderburgh 

70,623 

20.23 

5.81 

0.00 

0.00 

0.00 

Warrick 

19,438 

0.00 

0.00 

0.00 

0.00 

0.00 

Table  173:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Daviess 

2 

19.7% 

42.2% 

30.8% 

6.6% 

0.7% 

Dubois 

3 

49.9% 

37.5% 

11.3% 

1.0% 

0.2% 

Gibson 

1 

6.8% 

27.3% 

35.7% 

13.6% 

16.6% 

Greene 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Knox 

1 

7.9% 

31.9% 

41.6% 

15.9% 

2.6% 

Pike 

2 

49.9% 

37.5% 

11.3% 

1.0% 

0.3% 

Posey 

1 

49.8% 

37.4% 

11.3% 

1.0% 

0.5% 

Spencer 

1 

49.8% 

37.4% 

11.3% 

1.0% 

0.5% 

Sullivan 

2 

2.0% 

15.3% 

39.0% 

32.6% 

11.0% 

Vanderburgh 

1 

49.8% 

37.4% 

11.3% 

1.0% 

0.5% 

Warrick 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 
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Table  174:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Daviess 

1,178 

5 

4 

Dubois 

1,230 

4 

1 

Gibson 

1,515 

243 

950 

Greene 

1,430 

5 

1 

Knox 

1,487 

339 

1,335 

Pike 

935 

3 

1 

Posey 

1,296 

9 

20 

Spencer 

1,182 

4 

1 

Sullivan 

1,250 

8 

17 

Vanderburgh 

1,353 

38 

132 

Warrick 

1,211 

4 

1 

Table  175:  Households  without  Electric  Power  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Daviess 

10,894 

0.00 

0.00 

0.00 

0.00 

0.00 

Dubois 

14,813 

0.00 

0.00 

0.00 

0.00 

0.00 

Gibson 

12,847 

0.00 

0.00 

0.00 

0.00 

0.00 

Greene 

13,372 

0.00 

0.00 

0.00 

0.00 

0.00 

Knox 

15,552 

73.08 

47.38 

22.47 

6.83 

0.09 

Pike 

5,119 

0.00 

0.00 

0.00 

0.00 

0.00 

Posey 

10,205 

0.00 

0.00 

0.00 

0.00 

0.00 

Spencer 

7,569 

0.00 

0.00 

0.00 

0.00 

0.00 

Sullivan 

7,819 

46.40 

26.23 

8.82 

1.37 

0.06 

Vanderburgh 

70,623 

0.00 

0.00 

0.00 

0.00 

0.00 

Warrick 

19,438 

0.00 

0.00 

0.00 

0.00 

0.00 

Table  176:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Daviess 

5 

31.5% 

39.5% 

22.4% 

4.2% 

2.4% 

Dubois 

6 

50.0% 

37.6% 

11.3% 

1.0% 

0.1% 

Gibson 

5 

25.6% 

40.9% 

26.6% 

5.4% 

1.5% 

Greene 

6 

45.0% 

38.4% 

14.6% 

1.9% 

0.2% 

Knox 

3 

10.2% 

30.8% 

36.4% 

14.8% 

7.8% 

Pike 

3 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Posey 

3 

29.4% 

39.9% 

23.8% 

4.6% 

2.2% 

Spencer 

7 

50.0% 

37.6% 

11.3% 

1.0% 

0.1% 

Sullivan 

6 

15.8% 

38.8% 

34.4% 

9.7% 

1.3% 

Vanderburgh 

3 

49.9% 

37.5% 

11.3% 

1.0% 

0.3% 

Warrick 

5 

49.8% 

37.5% 

11.3% 

1.0% 

0.4% 
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Table  177:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Daviess 

707 

4 

3 

Dubois 

738 

4 

1 

Gibson 

909 

192 

751 

Greene 

858 

4 

1 

Knox 

892 

268 

1,056 

Pike 

561 

3 

1 

Posey 

777 

7 

16 

Spencer 

710 

3 

1 

Sullivan 

750 

7 

13 

Vanderburgh 

812 

30 

105 

Warrick 

727 

3 

1 

Table  178:  Highway  Bridge  Damage 


Counties 

#  of 
Bridges 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Daviess 

136 

93.72% 

0.95% 

0.18% 

1.24% 

3.90% 

Dubois 

192 

94.87% 

0.25% 

0.12% 

4.28% 

0.45% 

Gibson 

293 

88.58% 

0.25% 

0.05% 

2.57% 

8.52% 

Greene 

201 

97.81% 

0.30% 

0.20% 

1.26% 

0.41% 

Knox 

288 

86.16% 

1.90% 

0.10% 

1.89% 

9.93% 

Pike 

136 

93.77% 

0.14% 

0.04% 

3.73% 

2.31% 

Posey 

191 

93.96% 

0.36% 

0.19% 

1.05% 

4.42% 

Spencer 

212 

94.13% 

0.12% 

0.13% 

5.36% 

0.25% 

Sullivan 

204 

95.13% 

1.76% 

0.13% 

0.41% 

2.56% 

Vanderburgh 

188 

92.83% 

0.23% 

0.07% 

5.82% 

1.02% 

Warrick 

173 

94.82% 

0.18% 

0.07% 

4.49% 

0.42% 

Table  179:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Daviess 

136 

94.54 

94.83 

94.91 

95.08 

95.97 

Dubois 

192 

95.22 

95.32 

95.40 

95.80 

97.97 

Gibson 

293 

89.00 

89.07 

89.14 

89.48 

91.35 

Greene 

201 

98.09 

98.21 

98.30 

98.43 

99.08 

Knox 

288 

87.81 

88.35 

88.42 

88.72 

90.34 

Pike 

136 

94.02 

94.07 

94.12 

94.49 

96.50 

Posey 

191 

94.35 

94.49 

94.58 

94.74 

95.57 

Spencer 

212 

94.42 

94.49 

94.58 

95.08 

97.77 

Sullivan 

204 

96.48 

96.96 

97.02 

97.09 

97.47 

Vanderburgh 

188 

93.23 

93.32 

93.39 

93.94 

96.91 

Warrick 

173 

95.11 

95.18 

95.24 

95.66 

97.92 
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Kentucky  -  New  Madrid  Seismic  Zone  Scenario 

This  earthquake  impact  assessment  includes  all  120  counties  in  the  State  of  Kentucky. 
Kentucky  is  approximately  40,400  square  miles  and  is  bordered  by  Indiana  and  Ohio  to 
the  north,  Tennessee  to  the  south,  West  Virginia  and  Virginia  to  the  east  and  Illinois  and 
Missouri  to  the  west.  For  the  purposes  of  this  analysis,  25  critical  counties  have  been 
identified  in  the  western  portion  of  the  state  where  shaking  is  anticipated  to  be  most 
intense.  These  25  counties  are  the  focus  of  much  of  the  damage  assessment  included 
within  this  document.  The  critical  counties  are  listed  below: 


Ballard 

• 

Fulton 

•  Logan 

•  Todd 

Caldwell 

• 

Graves 

•  Lyon 

•  Trigg 

Calloway 

• 

Hancock 

•  McCracken 

•  Union 

Carlisle 

• 

Henderson 

•  McLean 

•  Webster 

Christian 

• 

Hickman 

•  Marshall 

Crittenden 

• 

Hopkins 

•  Muhlenberg 

Daviess 

• 

Fivingston 

•  Ohio 

The  NMSZ  scenario  for  the  State  of  Kentucky  consists  of  a  magnitude  7.7  (Mw7.7) 
earthquake  along  the  northeast  extension  of  the  presumed  eastern  fault  line  in  the  New 
Madrid  fault  system.  The  ground  motions  used  to  represent  this  seismic  event  were 
developed  by  the  U.S.  Geological  Survey  (USGS)  for  the  middle  fault  in  the  proposed 
New  Madrid  Seismic  Zone  (NMSZ).  Each  fault  line  is  presumed  to  consist  of  three  fault 
segments;  northeastern,  central,  and  southwestern.  This  scenario,  the  worst  case  event  for 
Kentucky,  employs  an  event  in  the  northeast  segment  of  the  eastern  fault.  The  location  of 
this  scenario  event  is  illustrated  in  Figure  7.  For  more  information  on  the  ground  motion 
used  in  this  scenario  please  reference  Appendix  I. 


Figure  7:  Scenario  Fault  Location  for  the  State  of  Kentucky 
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Within  the  State  of  Kentucky,  nearly  29,000  buildings  experience  complete  damage, 
which  are  included  in  the  nearly  53,000  at  least  moderately  damaged  buildings.  While 
this  is  roughly  2%  of  all  Kentucky  buildings,  many  of  these  collapsed  structures  are 
concentrated  in  the  western  counties.  As  with  previous  state  scenarios,  residential 
buildings  experience  the  greatest  amount  of  damage.  Nearly  98%  of  all  building  collapses 
occur  to  residential  structures.  In  addition,  about  94%  of  all  at  least  moderate  damage 
occurs  in  the  25  critical  counties  for  Kentucky. 


Table  180:  Damage  by  General  Occupancy  Type  for  the  State  of  Kentucky 


General  Occupancy  Type 

Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,159,114 

39,150 

18,768 

Other  Residential 

292,873 

13,050 

9,673 

Commercial 

16,431 

306 

475 

Industrial 

3,002 

48 

53 

Other 

1,900 

34 

60 

Total 

1,473,320 

52,588 

29,029 

Table  181:  Damage  by  General  Occupancy  Type  for  the  25  Critical  Counties 


General  Occupancy  Type  Damage  (25  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to  «  ,  . 

„  Complete  Damage 

Severe  Damage  r  3 

Single  Family 

189,655 

38,707 

18,652 

Other  Residential 

50,493 

10,619 

9,619 

Commercial 

1,682 

259 

475 

Industrial 

265 

37 

53 

Other 

242 

29 

60 

Total 

242,337 

49,651 

28,859 

Wood  frame  construction  is  the  most  common  type  of  building  in  the  State  of  Kentucky 
and  also  generates  the  most  cases  of  complete  damage.  Over  47%  of  all  collapses,  13,700 
buildings,  is  experienced  by  wood  frame  structures.  Unreinforced  masonry  (URM) 
construction  and  mobile  homes  (MH)  also  show  high  frequencies  of  collapse  and  account 
for  nearly  all  non-wood  construction  building  collapses.  This  damage  state  is  identified 
by  significant  cracking  to  unreinforced  masonry  walls  as  well  as  some  connection 
damage  to  column/beam  joints  in  unreinforced  masonry  building.  The  remaining  building 
types  show  far  less  inventory  throughout  the  state  and  thus  experience  a  far  lesser 
proportion  of  damage. 
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Table  182:  Building  Damage  by  Building  Type  for  the  State  of  Kentucky 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

992,135 

18,737 

24,772 

11,617 

13,726 

Steel 

6,430 

264 

93 

39 

201 

Concrete 

1,782 

51 

22 

15 

58 

Precast 

1,907 

74 

42 

19 

69 

Reinforced  Masonry 

1,109 

20 

13 

10 

39 

Unreinforced  Masonry 

137,881 

8352 

2,434 

1,720 

6,161 

Mobile  Home 

197,127 

25935 

7,952 

3,840 

8,775 

Total 

1,338,371 

53,433 

35,328 

17,260 

29,029 

Of  the  1,066  fire  stations  in  the  state,  77  (more  than  7%)  are  estimated  to  experience  at 
least  moderate  damage.  Approximately  5-7%  of  most  other  essential  facility  types 
(schools,  hospitals,  and  police  stations)  each  sustain  at  least  moderate  damage.  In 
addition,  79  of  the  1,846  schools  and  61  fire  stations  are  estimated  to  collapse.  All  of 
these  facilities  are  in  the  most  western  counties  in  Kentucky.  The  Kentucky  inventory 
does  not  specify  any  locations  for  emergency  operations  centers,  thus  no  damage  can  be 
determined  for  this  type  of  essential  facility. 


Not  only  are  numerous  facilities  damaged  but  many  facilities  located  in  the  western 
portion  of  Kentucky  are  not  functional  in  the  days  immediately  after  the  earthquake.  All 
of  the  non-functional  facilities  are  located  in  the  western  portion  of  the  state.  Of 
Kentucky’s  135  hospitals,  118  are  considered  functional  the  day  after  the  earthquake  and 
after  one  week  that  number  increases  to  129  functional  facilities.  Roughly  90%  of  all  fire 
stations  and  police  stations  in  Kentucky  are  estimated  to  remain  functional  the  day  after 
the  earthquake,  though  all  of  these  functioning  facilities  are  located  in  the  central  and 
eastern  portions  of  the  state.  Most  of  Kentucky’s  western  counties  are  left  without 
functioning  facilities  and  will  likely  experience  diminished  services  in  the  immediate 
aftermath  of  an  earthquake. 


Transportation  lifelines,  particularly  in  western  Kentucky  counties  incur  the  most  severe 
damage.  Roughly  200  of  the  6,800,  or  approximately  3%  of  all  bridges,  are  estimated  to 
incur  at  least  moderate  damage.  Of  the  nearly  200  damaged  bridges,  almost  50  are 
expected  to  collapse.  These  collapses  are  shown  to  occur  in  counties  along  the  western 
border  of  Kentucky.  Highway  road  segments  connecting  these  damaged  bridges  are 
expected  to  incur  slightly  less  damage  than  the  bridges  themselves,  even  in  the  counties 
with  the  most  severe  shaking.  Highway  segments  are  most  generally  defined  as  a  section 
of  highway  between  two  end  nodes.  These  end  nodes  are  frequently  highway  bridges.  At 
least  moderate  damage  to  highway  bridges  is  characterized  by  moderate  shear  (diagonal) 
cracking  of  columns,  spalling  of  cover  concrete  and  shear  keys,  abutment  movement  less 
than  two-inches,  extensive  cracking  to  shear  keys,  bent  connection  bolts,  and  moderate 
settlement  of  the  bridge  approaches. 
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Table  183:  Essential  Facilities  Damage  &  Functionality  for  the  State  of  Kentucky7 


Essential  Facilities  Damage  &  Functionality  (State) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

135 

6 

4 

118 

Schools 

1,846 

98 

79 

1,713 

EOCs 

0 

0 

0 

0 

Police  Stations 

407 

23 

19 

373 

Fire  Stations 

1,066 

77 

61 

959 

Table  184:  Essential  Facilities  Damage  &  Functionality  for  the  25  Critical  Counties 


Essential  Facilities  Damage  &  Functionality  (25  Critical  Counties) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

21 

6 

4 

5 

Schools 

301 

98 

79 

168 

EOCs 

0 

0 

0 

0 

Police  Stations 

77 

23 

19 

44 

Fire  Stations 

238 

77 

61 

133 

Table  185:  Highway  Bridge  Damage  Assessments 


Highway 

/  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least  Moderate  Complete 

Damage  Damage 

(Damage  >50%)  (Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 
Remaining  Counties 

2,173 

4,632 

197  46 

0  0 

1,974 

4,630 

Total  State 

6,805 

197  46 

6604 

Table  186:  Airport  Damage  Assessments 


Airport  Damage  Assessments 

Total  No. 

Of  Airports 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

53 

19 

1 

40 

Remaining  Counties 

166 

0 

0 

166 

Total  State 

219 

19 

1 

206 

7  For  Tables  183-193  the  following  method  is  used  to  determine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MH  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.),  in  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged’. 
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Furthermore,  86  ports,  23  railway  facilities  and  19  airports  reach  at  least  moderate 
damage  state  and  follow  roughly  the  same  damage  distribution  throughout  the  state  as 
highway  bridges.  At  least  moderate  damage  to  port  facilities  includes  considerable 
ground  settlement,  derailment  of  port  equipment  and  damage  to  structural  members.  For 
airports,  at  least  moderate  damage  is  defined  in  the  same  manner  as  damage  to  other 
building  types  discussed  previously.  The  lack  of  functionality  of  many  transportation 
lifelines  in  western  Kentucky  will  make  the  movement  of  people  and  supplies  difficult  in 
the  days  immediately  following  the  earthquake. 


Table  187:  Transportation  System  Damage  for  the  State  of  Kentucky 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 
Damage 
(Damage  >50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

9,481 

0 

0 

9,481 

Bridges 

6,805 

197 

46 

6,604 

Tunnels 

4 

0 

0 

4 

Railways 

Segments 

2,761 

0 

0 

2,761 

Bridges 

166 

3 

0 

163 

Tunnels 

18 

0 

0 

18 

Facilities 

117 

23 

0 

96 

Bus 

Facilities 

26 

2 

0 

25 

Light  Rail 

Segments 

0 

0 

0 

0 

Bridges 

0 

0 

0 

0 

Facilities 

0 

0 

0 

0 

Ferry 

Facilities 

16 

16 

16 

0 

Port 

Facilities 

301 

86 

14 

221 

Airport 

Facilities 

219 

19 

1 

206 

Runways 

155 

0 

0 

155 

Table  188:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

36 

11 

0 

27 

Remaining  Counties 

143 

0 

0 

143 

Total  State 

179 

11 

0 

170 

Utility  lifelines’  damage  and  functionality  are  similar  to  those  found  for  the  transportation 
systems.  Over  500  waste  water  facilities  are  moderately  or  more  severely  damaged  while 
81  incur  complete  damage.  Approximately  1,050  communication  facilities  incur  at  least 
moderate  damage,  while  133  experience  complete  damage.  Additionally,  8%  of  all 
electric  power  facilities  reach  at  least  moderate  damage  state. 
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Table  189:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Waste 

Water  Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

1,561 

523 

81 

764 

Remaining  Counties 

7,530 

0 

0 

7,530 

Total  State 

9,081 

523 

81 

8,294 

Table  190:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

24 

6 

4 

0 

Remaining  Counties 

313 

0 

0 

313 

Total  State 

337 

6 

4 

313 

Table  191:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

31 

6 

1 

23 

Remaining  Counties 

57 

0 

0 

57 

Total  State 

88 

6 

1 

80 

Table  192:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

463 

132 

40 

231 

Remaining  Counties 

1,230 

0 

0 

1,230 

Total  State 

1,693 

132 

40 

1,461 

Table  193:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

3,262 

1,044 

133 

2,410 

Remaining  Counties 

13,095 

0 

0 

13,095 

Total  State 

16,357 

1,044 

133 

15,505 
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Pipeline  damage  is  estimated  for  local  potable  water,  waste  water  and  natural  gas  systems. 
Major  transmission  pipelines  for  natural  gas  are  added  from  HSIP  2007  data.  Oil 
pipelines  are  not  included  in  the  HAZUS-MH  MR2  default  inventory,  called  local 
inventory  in  HAZUS-MH  MR2,  though  regional  oil  pipelines  are  added  to  provide 
damage  estimates  for  these  major  oil  transmission  lines.  These  oil  pipelines  are  composed 
of  major  crude  oil  and  refined  product  lines  only.  Regional  and  local  natural  gas  networks 
are  represented  separately  and  damage  is  estimated  for  each.  Potable  water  lines  show 
the  greatest  amount  of  both  breaks  and  leaks  at  roughly  7,283  and  7,804,  respectively. 
Local  natural  gas  lines  experience  the  greatest  leak  and  break  rates  per  length  of  pipe,  at 
roughly  0.16  leaks/mile  (1  leak  every  6.2  miles)  and  approximately  0.15  breaks/mile  (1 
break  every  6.7  miles),  respectively.  In  addition,  estimates  for  local  and  regional  damage 
to  natural  gas  lines  can  be  combined  for  a  total  state  damage  estimate  of  6,702  leaks  and 
6,457  breaks  over  the  combined  length  of  48,499  miles  of  natural  gas  pipeline. 

Potable  water  service  is  cut  off  to  nearly  109,000  residences  the  day  after  the  scenario 
earthquake.  This  number  is  reduced  to  roughly  67,000  residences  within  a  week.  After 
three  months,  potable  water  service  is  restored  for  all  residences,  as  shown  in  Table  195. 
These  estimates  are  calculated  employing  a  formula  that  uses  the  damage  to  the 
distribution  system  to  determine  the  rate  of  repair.  Additional  information  on  this  formula 
is  available  in  the  HAZUS-MH  MR2  Technical  Manual  that  accompanies  the  program. 
This  period  of  time  without  water  prevents  thousands  of  people  from  remaining  in  their 
homes  in  the  weeks  and  months  following  the  earthquake.  Electric  power  service  shows 
similar  trends,  with  over  77,000  residences  without  electric  power  the  day  after  the 
earthquake,  or  nearly  5%  of  all  State  residences.  Even  a  month  after  the  earthquake,  over 
36,000  residences  are  still  without  power.  All  electric  power  lines  in  Kentucky  are 
presumed  to  be  above  ground  and  less  likely  to  incur  damage  from  moderate  ground 
shaking,  unlike  buried  pipelines  that  are  vulnerable  to  damage  from  liquefaction  and 
ground  deformation. 


Table  194:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

102,749 

7,804 

7,283 

Waste  Water  -  Local 

61,650 

6,173 

5,760 

Natural  Gas  -  Regional 

7,399 

104 

300 

Natural  Gas  -  Local 

41,100 

6,598 

6,157 

Oil  -  Regional 

1,165 

43 

116 

Table  195:  Utility  Service  Interruptions  for  the  State  of  Kentucky 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

1,590,647 

108,556 

92,742 

66,608 

38,694 

0 

Electric  Power 

77,263 

60,273 

36,450 

11,464 

86 
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The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  levels  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 

Some  of  the  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation  and  utility  facilities.  This  is  the  fonnat  employed  to  generate  the  HAZUS- 
MH  MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage 
state  likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods 
for  all  facilities  of  a  given  type  in  a  specific  county.  The  damage  estimates  shown 
previously  for  corresponding  infrastructure  types  are  based  on  a  different  set  of  criteria  as 
discussed  in  footnote  (7)  and  employed  in  the  preceding  damage  tables  for  this  scenario. 
Both  methods  are  employed  in  HAZUS-MH  MR2  and  are  valid  estimation 
methodologies,  though  they  generate  different  estimations  of  county  damage  for  a 
specific  facility  type.  Consider  the  following  comparison: 

•  Lyon  County,  Kentucky  -  33  waste  water  facilities 
o  Estimation  procedure  according  to  footnote  7: 

■  Summation  of  individual  facilities  after  that  facility  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  24  at  least  moderately  damaged 
waste  water  facilities 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  waste  water  facilities  in  the  at  least 
moderate  damage  category  add  the  percentages  for  moderate, 
extensive  and  complete  damage  county  then  multiply  by  the 
number  of  facilities  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
facilities  in  the  county  provides  an  estimate  of  18  at  least 
moderately  damages  waste  water  facilities 

In  the  case  of  Lyon  County,  Kentucky,  the  topic  damage  tables  in  this  appendix  provide  a 
lower  estimate  of  damage  as  oppose  to  the  facility-by-facility  damage  summation 
detailed  in  footnote  (7).  Though  not  illustrated  here,  other  counties  in  Kentucky  are 
estimated  to  incur  greater  damage  when  this  averaging  estimation  procedure  is  used. 
Comparing  the  total  number  of  at  least  moderately  damaged  waste  water  facilities  for  the 
25  critical  counties  in  Kentucky  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  663  at  least  moderately  damaged  waste  water  facilities 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  523  at  least  moderately  damaged  waste  water  facilities 
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Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  greater  damage.  This  trend  holds  true  for  other  infrastructure  types 
including  highway  bridges. 

The  following  tables  provide  damage  and  functionality  estimates  for  the  NMSZ  scenario 
critical  counties  in  Kentucky.  There  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  four  damage  levels  for  a  county. 
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Table  196:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Ballard 

Single  Family 

5 

172 

1,038 

722 

749 

2,686 

Other  Residential 

0 

1 

40 

158 

562 

761 

Commercial 

0 

0 

0 

2 

13 

15 

Industrial 

0 

0 

0 

0 

6 

6 

Other 

0 

0 

0 

0 

4 

4 

Caldwell 

Single  Family 

3,696 

495 

61 

4 

6 

4,262 

Other  Residential 

440 

327 

180 

5 

2 

954 

Commercial 

22 

9 

4 

0 

0 

35 

Industrial 

3 

2 

1 

0 

0 

6 

Other 

2 

0 

0 

0 

0 

2 

Calloway 

Single  Family 

2,030 

4,143 

2,463 

368 

615 

9,619 

Other  Residential 

412 

748 

1,192 

910 

381 

3,643 

Commercial 

3 

16 

47 

35 

17 

118 

Industrial 

0 

0 

2 

2 

1 

5 

Other 

0 

32 

5 

54 

2 

93 

Carlisle 

Single  Family 

1 

45 

455 

633 

607 

1,741 

Other  Residential 

0 

0 

1 

23 

471 

495 

Commercial 

0 

0 

0 

0 

12 

12 

Industrial 

0 

0 

0 

0 

2 

2 

Other 

0 

0 

0 

0 

5 

5 

Christian 

Single  Family 

14,778 

1,980 

242 

11 

0 

17,011 

Other  Residential 

2,235 

1,265 

654 

17 

0 

4,171 

Commercial 

99 

42 

17 

1 

0 

159 

Industrial 

17 

8 

5 

0 

0 

30 

Other 

15 

5 

2 

0 

0 

22 

Crittenden 

Single  Family 

2,321 

311 

38 

2 

0 

2,672 

Other  Residential 

486 

399 

224 

5 

0 

1,114 

Commercial 

7 

3 

1 

0 

0 

11 

Industrial 

2 

1 

1 

0 

0 

4 

Other 

2 

0 

0 

0 

0 

2 

Daviess 

Single  Family 

24,709 

545 

59 

3 

2,850 

28,166 

Other  Residential 

3,095 

364 

123 

2 

335 

3,919 

Commercial 

256 

8 

1 

0 

39 

304 

Industrial 

21 

1 

0 

0 

3 

25 

Other 

23 

0 

0 

0 

3 

26 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Fulton 

Single  Family 

24 

364 

819 

509 

681 

2,397 

Other  Residential 

2 

22 

50 

47 

227 

348 

Commercial 

0 

0 

0 

1 

15 

16 

Industrial 

0 

0 

0 

0 

3 

3 

Other 

0 

0 

0 

0 

4 

4 

Graves 

Single  Family 

76 

1,499 

5,201 

2,202 

2,326 

11,304 

Other  Residential 

1 

37 

308 

688 

1,741 

2,775 

Commercial 

0 

0 

8 

21 

49 

78 

Industrial 

0 

0 

1 

3 

19 

23 

Other 

0 

0 

1 

2 

10 

13 

Hancock 

Single  Family 

2,314 

14 

1 

0 

0 

2,329 

Other  Residential 

844 

85 

10 

0 

0 

939 

Commercial 

8 

0 

0 

0 

0 

8 

Industrial 

10 

0 

0 

0 

0 

10 

Other 

1 

0 

0 

0 

0 

1 

Henderson 

Single  Family 

9,907 

1,452 

176 

9 

1,294 

12,838 

Other  Residential 

1,473 

892 

469 

12 

272 

3,118 

Commercial 

74 

31 

13 

1 

22 

141 

Industrial 

23 

11 

6 

1 

3 

44 

Other 

10 

3 

1 

0 

4 

18 

Hickman 

Single  Family 

2 

118 

862 

414 

307 

1,703 

Other  Residential 

0 

0 

4 

33 

424 

461 

Commercial 

0 

0 

0 

0 

5 

5 

Industrial 

0 

0 

0 

0 

1 

1 

Other 

0 

0 

0 

0 

4 

4 

Hopkins 

Single  Family 

11,326 

1,518 

186 

11 

818 

13,859 

Other  Residential 

1,647 

1,219 

670 

17 

190 

3,743 

Commercial 

81 

34 

14 

1 

5 

135 

Industrial 

14 

7 

4 

0 

0 

25 

Other 

16 

6 

2 

0 

1 

25 

Livingston 

Single  Family 

1,078 

1,067 

583 

85 

109 

2,922 

Other  Residential 

206 

255 

453 

368 

106 

1,388 

Commercial 

3 

5 

10 

7 

3 

28 

Industrial 

1 

0 

1 

1 

0 

3 

Other 

2 

1 

2 

1 

0 

6 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Logan 

Single  Family 

8,039 

50 

3 

0 

0 

8,092 

Other  Residential 

1,987 

187 

23 

0 

0 

2,197 

Commercial 

63 

2 

0 

0 

0 

65 

Industrial 

18 

1 

0 

0 

0 

19 

Other 

11 

0 

0 

0 

0 

11 

Lyon 

Single  Family 

2,175 

386 

46 

2 

59 

2,668 

Other  Residential 

492 

394 

219 

5 

34 

1,144 

Commercial 

14 

6 

2 

0 

1 

23 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

4 

2 

0 

0 

0 

6 

Marshall 

Single  Family 

164 

2,569 

5,461 

1,244 

1,115 

10,553 

Other  Residential 

2 

42 

495 

1,072 

1,350 

2,961 

Commercial 

0 

1 

8 

20 

39 

68 

Industrial 

0 

0 

1 

2 

5 

8 

Other 

0 

0 

1 

2 

5 

8 

McCracken 

Single  Family 

11 

705 

7,951 

6,619 

5,431 

20,717 

Other  Residential 

0 

26 

371 

873 

3,032 

4,302 

Commercial 

0 

0 

5 

32 

241 

278 

Industrial 

0 

0 

0 

1 

8 

9 

Other 

0 

0 

2 

3 

16 

21 

McLean 

Single  Family 

2,351 

130 

15 

1 

113 

2,610 

Other  Residential 

868 

225 

96 

2 

53 

1,244 

Commercial 

11 

2 

1 

0 

1 

15 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

3 

0 

0 

0 

0 

3 

Muhlenberg 

Single  Family 

8,250 

52 

3 

0 

256 

8,561 

Other  Residential 

2,791 

272 

34 

0 

78 

3,175 

Commercial 

47 

1 

0 

0 

4 

52 

Industrial 

4 

0 

0 

0 

1 

5 

Other 

18 

0 

0 

0 

2 

20 

Ohio 

Single  Family 

6,020 

38 

3 

0 

0 

6,061 

Other  Residential 

2,357 

230 

28 

0 

0 

2,615 

Commercial 

33 

1 

0 

0 

0 

34 

Industrial 

6 

0 

0 

0 

0 

6 

Other 

6 

0 

0 

0 

0 

6 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Todd 

Single  Family 

3,359 

21 

1 

0 

0 

3,381 

Other  Residential 

986 

99 

12 

0 

0 

1,097 

Commercial 

9 

0 

0 

0 

0 

9 

Industrial 

5 

0 

0 

0 

0 

5 

Other 

11 

0 

0 

0 

0 

11 

Trigg 

Single  Family 

4,171 

559 

68 

3 

0 

4,801 

Other  Residential 

637 

514 

287 

7 

0 

1,445 

Commercial 

14 

6 

2 

0 

0 

22 

Industrial 

9 

4 

3 

0 

0 

16 

Other 

3 

1 

0 

0 

0 

4 

Union 

Single  Family 

2,664 

547 

64 

4 

1,092 

4,371 

Other  Residential 

414 

334 

186 

5 

313 

1,252 

Commercial 

16 

7 

3 

0 

8 

34 

Industrial 

3 

1 

1 

0 

1 

6 

Other 

0 

0 

0 

0 

0 

0 

Webster 

Single  Family 

3,567 

478 

59 

3 

224 

4,331 

Other  Residential 

494 

417 

235 

6 

80 

1,232 

Commercial 

10 

4 

2 

0 

1 

17 

Industrial 

2 

1 

1 

0 

0 

4 

Other 

4 

1 

0 

0 

0 

5 
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Table  197:  Hospital  Functionality 


Counties 

Total  # 
of  Beds 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

Ballard 

0 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

Caldwell 

15 

7 

46.67 

7 

46.67 

11 

73.33 

15 

100.00 

15 

100.00 

Calloway 

378 

2 

0.53 

2 

0.53 

10 

2.65 

110 

29.10 

212 

56.08 

Carlisle 

0 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

Christian 

592 

282 

47.64 

286 

48.31 

436 

73.65 

578 

97.64 

585 

98.82 

Crittenden 

48 

23 

47.92 

23 

47.92 

35 

72.92 

47 

97.92 

47 

97.92 

Daviess 

469 

422 

89.98 

423 

90.19 

435 

92.75 

438 

93.39 

438 

93.39 

Fulton 

70 

0 

0.00 

0 

0.00 

2 

2.86 

28 

40.00 

45 

64.29 

Graves 

106 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

2 

1.89 

Hancock 

0 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

Henderson 

205 

73 

35.61 

74 

36.10 

113 

55.12 

150 

73.17 

152 

74.15 

Hickman 

0 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

Hopkins 

401 

191 

47.63 

194 

48.38 

295 

73.57 

391 

97.51 

396 

98.75 

Livingston 

26 

12 

46.15 

12 

46.15 

19 

73.08 

25 

96.15 

26 

100.00 

Logan 

92 

89 

96.74 

89 

96.74 

91 

98.91 

92 

100.00 

92 

100.00 

Lyon 

0 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

Marshall 

563 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

1 

0.18 

McCracken 

0 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

McLean 

84 

0 

0.00 

0 

0.00 

0 

0.00 

0 

0.00 

1 

1.19 

Muhlenberg 

135 

130 

96.30 

130 

96.30 

134 

99.26 

135 

100.00 

135 

100.00 

Ohio 

49 

47 

95.92 

47 

95.92 

49 

100.00 

49 

100.00 

49 

100.00 

Todd 

0 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

Trigg 

25 

12 

48.00 

12 

48.00 

18 

72.00 

24 

96.00 

25 

100.00 

Union 

54 

24 

44.44 

24 

44.44 

37 

68.52 

49 

90.74 

50 

92.59 

Webster 

0 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 

0 

N/A 
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Table  198:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Ballard 

2 

0.00 

Caldwell 

2 

51.90 

Calloway 

3 

0.73 

Carlisle 

2 

0.00 

Christian 

6 

51.90 

Crittenden 

2 

51.90 

Daviess 

2 

81.60 

Fulton 

3 

0.00 

Graves 

3 

0.00 

Hancock 

3 

94.10 

Henderson 

3 

45.30 

Hickman 

2 

0.00 

Hopkins 

7 

51.90 

Livingston 

1 

0.80 

Logan 

5 

94.10 

Lyon 

2 

47.00 

Marshall 

3 

0.00 

McCracken 

4 

0.00 

McLean 

2 

51.90 

Muhlenberg 

3 

94.10 

Ohio 

3 

89.93 

Todd 

4 

94.10 

Trigg 

2 

51.90 

Union 

4 

39.65 

Webster 

4 

49.38 

337 


Table  199:  School  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Ballard 

7 

0.00 

Caldwell 

6 

51.90 

Calloway 

13 

0.80 

Carlisle 

4 

0.00 

Christian 

27 

51.90 

Crittenden 

3 

51.90 

Daviess 

45 

80.67 

Fulton 

9 

0.00 

Graves 

18 

0.00 

Hancock 

4 

94.10 

Henderson 

16 

44.00 

Hickman 

3 

0.00 

Hopkins 

23 

51.59 

Livingston 

5 

14.60 

Logan 

15 

94.10 

Lyon 

5 

47.00 

Marshall 

13 

0.00 

McCracken 

28 

0.00 

McLean 

6 

64.83 

Muhlenberg 

12 

94.10 

Ohio 

12 

89.93 

Todd 

7 

94.10 

Trigg 

5 

51.90 

Union 

7 

42.76 

Webster 

8 

51.08 
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Table  200:  Fire  Station  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Ballard 

10 

0.00 

Caldwell 

3 

51.90 

Calloway 

11 

12.91 

Carlisle 

6 

0.00 

Christian 

23 

51.90 

Crittenden 

7 

51.90 

Daviess 

17 

78.29 

Fulton 

3 

0.00 

Graves 

18 

0.00 

Flancock 

4 

94.10 

Flenderson 

14 

46.19 

Hickman 

5 

0.00 

Hopkins 

18 

51.52 

Livingston 

8 

12.30 

Logan 

6 

94.10 

Lyon 

4 

47.00 

Marshall 

12 

0.00 

McCracken 

9 

0.00 

McLean 

8 

76.71 

Muhlenberg 

8 

92.54 

Ohio 

9 

91.32 

Todd 

7 

94.10 

Trigg 

11 

51.90 

Union 

8 

40.40 

Webster 

9 

51.17 
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Table  201:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Ballard 

92 

22.21 

31.44 

41.11 

69.63 

94.55 

Caldwell 

70 

78.28 

93.85 

95.95 

99.38 

99.88 

Calloway 

111 

54.85 

76.56 

82.38 

94.77 

99.03 

Carlisle 

42 

25.33 

37.56 

47.96 

76.44 

95.79 

Christian 

265 

89.51 

97.68 

98.58 

99.80 

99.90 

Crittenden 

61 

77.69 

93.40 

95.58 

99.20 

99.84 

Daviess 

338 

92.83 

98.53 

99.03 

99.59 

99.84 

Fulton 

63 

31.29 

47.21 

56.97 

82.15 

96.82 

Graves 

158 

33.29 

50.54 

60.26 

84.62 

97.23 

Hancock 

85 

99.70 

99.90 

99.90 

99.90 

99.90 

Henderson 

320 

86.22 

95.32 

96.42 

98.40 

99.63 

Hickman 

43 

28.77 

43.93 

54.51 

81.69 

96.68 

Hopkins 

255 

89.92 

97.75 

98.59 

99.74 

99.88 

Livingston 

82 

43.75 

64.76 

72.93 

91.61 

98.45 

Logan 

125 

93.20 

98.90 

99.40 

99.90 

99.90 

Lyon 

62 

66.78 

87.10 

91.10 

98.48 

99.68 

Marshall 

146 

38.80 

57.97 

66.24 

86.48 

97.54 

McCracken 

251 

24.67 

36.00 

45.71 

73.31 

95.23 

McLean 

53 

93.00 

98.70 

99.20 

99.73 

99.87 

Muhlenberg 

177 

93.16 

98.86 

99.36 

99.87 

99.89 

Ohio 

127 

93.10 

98.80 

99.30 

99.81 

99.88 

Todd 

63 

93.20 

98.90 

99.40 

99.90 

99.90 

Trigg 

71 

78.40 

94.00 

96.10 

99.50 

99.90 

Union 

113 

77.54 

92.90 

95.00 

98.67 

99.69 

Webster 

89 

85.36 

96.00 

97.30 

99.37 

99.82 
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Table  202:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Ballard 

3,395 

99.41 

99.26 

98.76 

0.00 

0.00 

Caldwell 

5,431 

0.00 

0.00 

0.00 

0.00 

0.00 

Calloway 

13,862 

55.34 

42.19 

7.59 

0.00 

0.00 

Carlisle 

2,208 

98.19 

97.24 

92.71 

0.00 

0.00 

Christian 

24,857 

0.00 

0.00 

0.00 

0.00 

0.00 

Crittenden 

3,829 

0.00 

0.00 

0.00 

0.00 

0.00 

Daviess 

36,033 

34.44 

20.03 

0.02 

0.00 

0.00 

Fulton 

3,237 

98.33 

97.62 

94.84 

0.00 

0.00 

Graves 

14,841 

99.34 

99.28 

99.12 

96.83 

0.00 

Hancock 

3,215 

0.00 

0.00 

0.00 

0.00 

0.00 

Henderson 

18,095 

38.88 

22.65 

0.00 

0.00 

0.00 

Hickman 

2,188 

97.71 

96.66 

92.37 

0.00 

0.00 

Hopkins 

18,820 

61.06 

51.14 

23.07 

0.00 

0.00 

Livingston 

3,996 

22.15 

0.00 

0.00 

0.00 

0.00 

Logan 

10,506 

0.00 

0.00 

0.00 

0.00 

0.00 

Lyon 

2,898 

0.10 

0.00 

0.00 

0.00 

0.00 

Madison 

27,152 

0.00 

0.00 

0.00 

0.00 

0.00 

Marshall 

12,412 

69.05 

58.86 

25.88 

0.00 

0.00 

Mason 

6,847 

0.00 

0.00 

0.00 

0.00 

0.00 

Muhlenberg 

12,357 

0.30 

0.00 

0.00 

0.00 

0.00 

Ohio 

8,899 

0.00 

0.00 

0.00 

0.00 

0.00 

Todd 

4,569 

0.00 

0.00 

0.00 

0.00 

0.00 

Trigg 

5,215 

0.00 

0.00 

0.00 

0.00 

0.00 

Union 

5,710 

97.93 

97.48 

96.09 

0.00 

0.00 

Webster 

5,560 

27.09 

2.55 

0.00 

0.00 

0.00 
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Table  203:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Ballard 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Caldwell 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Calloway 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Carlisle 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Christian 

2 

0.50 

0.38 

0.11 

0.01 

0.00 

Crittenden 

1 

0.20 

0.42 

0.31 

0.07 

0.01 

Daviess 

2 

0.50 

0.37 

0.11 

0.01 

0.01 

Fulton 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Graves 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Hancock 

2 

0.94 

0.06 

0.00 

0.00 

0.00 

Henderson 

1 

0.50 

0.37 

0.11 

0.01 

0.01 

Hickman 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Hopkins 

2 

0.35 

0.40 

0.21 

0.04 

0.00 

Livingston 

3 

0.02 

0.13 

0.36 

0.32 

0.18 

Logan 

2 

0.50 

0.38 

0.11 

0.01 

0.00 

Lyon 

3 

0.12 

0.35 

0.37 

0.12 

0.04 

Marshall 

3 

0.02 

0.13 

0.35 

0.32 

0.18 

McCracken 

3 

0.00 

0.03 

0.20 

0.38 

0.38 

McLean 

2 

0.50 

0.37 

0.11 

0.01 

0.00 

Muhlenberg 

2 

0.50 

0.38 

0.11 

0.01 

0.00 

Ohio 

3 

0.50 

0.37 

0.11 

0.01 

0.00 

Todd 

1 

0.50 

0.38 

0.11 

0.01 

0.00 

Trigg 

1 

0.20 

0.42 

0.31 

0.07 

0.01 

Union 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Webster 

3 

0.29 

0.40 

0.24 

0.05 

0.03 
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Table  204:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Ballard 

500 

675 

718 

Caldwell 

708 

4 

3 

Calloway 

1,129 

143 

229 

Carlisle 

376 

968 

384 

Christian 

1,615 

9 

2 

Crittenden 

694 

4 

1 

Daviess 

1,399 

53 

185 

Fulton 

442 

941 

459 

Graves 

1,318 

1,200 

1,780 

Hancock 

474 

3 

1 

Henderson 

1,203 

50 

177 

Hickman 

446 

996 

417 

Hopkins 

1,267 

78 

284 

Livingston 

571 

65 

73 

Logan 

1,271 

7 

2 

Lyon 

597 

26 

32 

Madison 

981 

418 

266 

Marshall 

997 

1,447 

1,180 

Mason 

519 

14 

45 

Muhlenberg 

1,193 

17 

43 

Ohio 

1,289 

7 

2 

Todd 

712 

4 

1 

Trigg 

1,044 

6 

1 

Union 

773 

187 

732 

Webster 

767 

29 

99 
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Table  205:  Households  without  Electric  Power  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Ballard 

3,395 

95.58 

87.22 

67.01 

26.10 

0.09 

Caldwell 

5,431 

0.00 

0.00 

0.00 

0.00 

0.00 

Calloway 

13,862 

79.17 

48.43 

18.66 

3.64 

0.10 

Carlisle 

2,208 

94.47 

82.47 

57.38 

19.43 

0.09 

Christian 

24,857 

0.00 

0.00 

0.00 

0.00 

0.00 

Crittenden 

3,829 

13.76 

7.00 

1.91 

0.24 

0.03 

Daviess 

36,033 

0.00 

0.00 

0.00 

0.00 

0.00 

Fulton 

3,237 

91.75 

74.51 

46.18 

14.15 

0.09 

Graves 

14,841 

90.93 

72.19 

43.30 

13.11 

0.10 

Hancock 

3,215 

0.00 

0.00 

0.00 

0.00 

0.00 

Henderson 

18,095 

0.00 

0.00 

0.00 

0.00 

0.00 

Hickman 

2,188 

93.19 

78.02 

49.82 

15.08 

0.09 

Hopkins 

18,820 

0.00 

0.00 

0.00 

0.00 

0.00 

Livingston 

3,996 

86.26 

61.11 

29.40 

6.58 

0.10 

Logan 

10,506 

0.00 

0.00 

0.00 

0.00 

0.00 

Lyon 

2,898 

56.04 

28.54 

7.94 

1.04 

0.07 

Madison 

27,152 

0.00 

0.00 

0.00 

0.00 

0.00 

Marshall 

12,412 

85.98 

60.13 

28.16 

6.10 

0.10 

Mason 

6,847 

0.00 

0.00 

0.00 

0.00 

0.00 

Muhlenberg 

12,357 

0.00 

0.00 

0.00 

0.00 

0.00 

Ohio 

8,899 

0.00 

0.00 

0.00 

0.00 

0.00 

Todd 

4,569 

0.00 

0.00 

0.00 

0.00 

0.00 

Trigg 

5,215 

0.00 

0.00 

0.00 

0.00 

0.00 

Union 

5,710 

0.00 

0.00 

0.00 

0.00 

0.00 

Webster 

5,560 

0.00 

0.00 

0.00 

0.00 

0.00 
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Table  206:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Ballard 

22 

0.00 

0.01 

0.11 

0.37 

0.51 

Caldwell 

16 

0.20 

0.42 

0.31 

0.07 

0.01 

Calloway 

40 

0.03 

0.19 

0.38 

0.23 

0.16 

Carlisle 

16 

0.00 

0.02 

0.18 

0.41 

0.39 

Christian 

83 

0.43 

0.39 

0.16 

0.02 

0.00 

Crittenden 

11 

0.18 

0.41 

0.33 

0.08 

0.01 

Daviess 

162 

0.50 

0.37 

0.11 

0.01 

0.01 

Fulton 

15 

0.00 

0.06 

0.25 

0.39 

0.29 

Graves 

57 

0.01 

0.06 

0.28 

0.39 

0.27 

Hancock 

82 

0.94 

0.06 

0.00 

0.00 

0.00 

Henderson 

165 

0.36 

0.38 

0.19 

0.03 

0.03 

Hickman 

24 

0.00 

0.04 

0.22 

0.41 

0.33 

Hopkins 

99 

0.40 

0.39 

0.18 

0.03 

0.00 

Livingston 

51 

0.02 

0.13 

0.36 

0.32 

0.17 

Logan 

45 

0.50 

0.38 

0.11 

0.01 

0.00 

Lyon 

33 

0.11 

0.35 

0.37 

0.12 

0.04 

Marshall 

125 

0.01 

0.10 

0.32 

0.31 

0.26 

McCracken 

147 

0.00 

0.02 

0.15 

0.37 

0.45 

McLean 

19 

0.50 

0.37 

0.11 

0.01 

0.01 

Muhlenberg 

89 

0.50 

0.38 

0.11 

0.01 

0.00 

Ohio 

102 

0.50 

0.37 

0.11 

0.01 

0.00 

Todd 

20 

0.50 

0.38 

0.11 

0.01 

0.00 

Trigg 

28 

0.20 

0.42 

0.31 

0.07 

0.01 

Union 

51 

0.19 

0.41 

0.30 

0.06 

0.03 

Webster 

59 

0.36 

0.39 

0.20 

0.03 

0.02 
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Table  207:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Ballard 

300 

534 

568 

Caldwell 

425 

4 

3 

Calloway 

678 

113 

181 

Carlisle 

225 

765 

303 

Christian 

969 

7 

2 

Crittenden 

417 

3 

1 

Daviess 

840 

42 

147 

Fulton 

265 

744 

363 

Graves 

791 

949 

1,408 

Hancock 

284 

2 

1 

Henderson 

722 

40 

140 

Hickman 

268 

788 

330 

Hopkins 

760 

61 

225 

Livingston 

343 

52 

58 

Logan 

763 

5 

1 

Lyon 

358 

20 

25 

Madison 

589 

330 

211 

Marshall 

598 

1,145 

934 

Mason 

311 

11 

36 

Muhlenberg 

716 

13 

34 

Ohio 

773 

6 

1 

Todd 

427 

3 

1 

Trigg 

627 

5 

1 

Union 

464 

148 

579 

Webster 

460 

23 

78 

346 


Table  208:  Highway  Bridge  Damage 


Counties 

#  of 
Bridges 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Ballard 

25 

0.33 

0.10 

0.07 

0.12 

0.38 

Caldwell 

84 

0.93 

0.02 

0.01 

0.00 

0.04 

Calloway 

36 

0.75 

0.06 

0.02 

0.03 

0.14 

Carlisle 

15 

0.16 

0.09 

0.09 

0.17 

0.49 

Christian 

202 

0.97 

0.02 

0.01 

0.00 

0.00 

Crittenden 

19 

0.98 

0.01 

0.00 

0.00 

0.01 

Daviess 

233 

0.86 

0.02 

0.01 

0.10 

0.01 

Fulton 

18 

0.17 

0.11 

0.09 

0.18 

0.45 

Graves 

122 

0.40 

0.11 

0.08 

0.12 

0.29 

Hancock 

64 

0.98 

0.01 

0.00 

0.00 

0.00 

Henderson 

171 

0.82 

0.02 

0.00 

0.06 

0.10 

Hickman 

22 

0.23 

0.11 

0.12 

0.19 

0.36 

Hopkins 

207 

0.89 

0.03 

0.01 

0.03 

0.04 

Livingston 

30 

0.84 

0.04 

0.01 

0.03 

0.08 

Logan 

33 

0.97 

0.02 

0.01 

0.00 

0.00 

Lyon 

49 

0.94 

0.05 

0.00 

0.01 

0.00 

Marshall 

90 

0.46 

0.09 

0.07 

0.11 

0.27 

McCracken 

80 

0.32 

0.08 

0.07 

0.17 

0.37 

McLean 

64 

0.85 

0.02 

0.01 

0.11 

0.01 

Muhlenberg 

127 

0.91 

0.02 

0.01 

0.06 

0.00 

Ohio 

190 

0.92 

0.01 

0.00 

0.06 

0.01 

Todd 

22 

0.98 

0.01 

0.00 

0.00 

0.00 

Trigg 

38 

0.97 

0.01 

0.00 

0.00 

0.01 

Union 

114 

0.71 

0.06 

0.00 

0.00 

0.22 

Webster 

118 

0.81 

0.02 

0.00 

0.05 

0.12 
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Table  209:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Ballard 

25 

43.66 

48.30 

51.16 

53.08 

61.64 

Caldwell 

84 

94.87 

95.56 

95.75 

95.87 

96.34 

Calloway 

36 

80.56 

82.69 

83.59 

84.11 

86.38 

Carlisle 

15 

27.03 

31.97 

35.49 

38.07 

49.69 

Christian 

202 

98.60 

99.32 

99.53 

99.58 

99.75 

Crittenden 

19 

98.09 

98.33 

98.43 

98.47 

98.67 

Daviess 

233 

87.79 

88.35 

88.68 

89.62 

94.92 

Fulton 

18 

29.21 

34.68 

38.51 

41.17 

53.23 

Graves 

122 

51.79 

56.95 

60.06 

61.86 

69.57 

Hancock 

64 

99.11 

99.51 

99.67 

99.70 

99.81 

Henderson 

171 

83.86 

84.50 

84.75 

85.37 

88.80 

Hickman 

22 

35.71 

41.92 

46.60 

49.32 

61.11 

Hopkins 

207 

92.05 

93.13 

93.49 

93.84 

95.61 

Livingston 

30 

87.43 

88.78 

89.31 

89.72 

91.57 

Logan 

33 

98.76 

99.38 

99.60 

99.64 

99.77 

Lyon 

49 

97.83 

99.09 

99.24 

99.32 

99.66 

Madison 

90 

55.47 

59.77 

62.42 

64.12 

71.63 

Marshall 

80 

41.12 

45.08 

47.83 

50.12 

60.88 

Mason 

64 

86.98 

87.66 

88.03 

89.04 

94.75 

Muhlenberg 

127 

92.91 

93.79 

94.19 

94.72 

97.58 

Ohio 

190 

92.99 

93.50 

93.75 

94.28 

97.17 

Todd 

22 

99.00 

99.44 

99.63 

99.66 

99.79 

Trigg 

38 

98.06 

98.34 

98.42 

98.46 

98.63 

Union 

114 

76.04 

77.63 

77.82 

78.15 

79.80 

Webster 

118 

83.04 

83.59 

83.83 

84.39 

87.47 
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Mississippi  -  New  Madrid  Seismic  Zone  Scenario 

This  earthquake  impact  assessment  includes  all  82  counties  in  the  State  of  Mississippi. 
Mississippi  is  approximately  47,700  square  miles  and  is  bordered  by  Tennessee  to  the 
north,  the  Gulf  of  Mexico  to  the  south,  Alabama  to  the  east,  and  Arkansas  and  Louisiana 
to  the  west.  For  the  purposes  of  this  analysis,  25  critical  counties  have  been  identified  in 
the  northern  portion  of  the  state  where  shaking  is  anticipated  to  be  most  intense.  These  25 
counties  are  the  focus  of  much  of  the  damage  assessment  included  within  this  document. 


• 

Alcom 

• 

Grenada 

•  Pontotoc 

•  Tishomingo 

• 

Benton 

• 

Itawamba 

•  Prentiss 

•  Tunica 

• 

Bolivar 

• 

Lafayette 

•  Quitman 

•  Union 

• 

Calhoun 

• 

Lee 

•  Sunflower 

•  Yalobusha 

• 

Chickasaw 

• 

Marshall 

•  Tallahatchie 

• 

Coahoma 

• 

Monroe 

•  Tate 

• 

Desoto 

• 

Panola 

•  Tippah 

The  scenario  consists  of  a  magnitude  7.7  (Mw7.7)  earthquake  along  one  segment  of  the 
NMSZ.  The  ground  motions  used  to  represent  this  seismic  event  were  developed  by  the 
U.S.  Geological  Survey  (USGS)  for  the  middle  fault  in  the  proposed  New  Madrid 
Seismic  Zone.  Each  fault  line  is  presumed  to  consist  of  three  fault  segments;  northeastern, 
central,  and  southwestern.  The  worst-case  NMSZ  scenario  for  the  State  of  Mississippi 
employs  an  event  in  the  southwest  segment  of  the  eastern  fault.  The  location  of  this 
scenario  event  is  illustrated  in  Figure  8  .For  more  information  on  the  hazard  utilized  in 
this  scenario  please  reference  Appendix  I. 


Figure  8:  Scenario  Fault  Location  for  the  State  of  Mississippi 
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The  buildings  in  Mississippi  are  classified  in  two  separate  ways  for  damage  estimates;  by 
building  use,  tenned  “occupancy,”  and  by  structure  type/material,  tenned  “building 
type.”  The  damage  estimates  shown  indicate  that  less  than  1%  of  the  building  stock  in 
Mississippi  experiences  complete  damage.  This  equates  to  roughly  7,300  completely 
damaged  buildings  in  Mississippi.  These  completely  damaged  buildings  are  included  in 
the  roughly  39,000  at  least  moderately  damaged  buildings.  Nearly  95%  of  all  building 
collapses  occurring  to  residential  structures.  In  addition,  about  89%  of  all  at  least 
moderate  damage  occurs  in  the  25  critical  counties  for  Mississippi. 


Table  210:  Damage  by  General  Occupancy  Type  for  the  State  of  Mississippi 


General  Occupancy  Type  Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

793,953 

11,343 

3,881 

Other  Residential 

212,185 

26,741 

3,094 

Commercial 

8,062 

705 

190 

Industrial 

1,657 

466 

112 

Other 

1,478 

127 

23 

Total 

1,017,335 

39,382 

7,300 

Table  211:  Damage  by  General  Occupancy  Type  for  the  25  Critical  Counties 


General  Occupancy  Type  Damage  (25  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to  «  ,  . 

„  Complete  Damage 

Severe  Damage  r  3 

Single  Family 

213,381 

10,858 

3,881 

Other  Residential 

55,294 

23,214 

3,094 

Commercial 

2,060 

627 

190 

Industrial 

944 

445 

112 

Other 

349 

99 

23 

Total 

272,028 

35,243 

7,300 

Wood  construction  is  the  most  prevalent  building  type  in  Mississippi  and  sustains  the 
most  cases  of  complete  damage.  Nearly  46%  of  all  instances  of  all  complete  damage, 
which  is  roughly  3,300  buildings,  are  experienced  by  wood  frame  structures. 
Unreinforced  masonry  (URM)  construction  and  mobile  homes  (MH)  also  show  high 
frequencies  of  complete  damage  and  account  for  nearly  all  non-wood  construction 
damage  of  this  type.  Concrete,  steel,  and  reinforced  masonry  construction  types  represent 
considerably  fewer  cases  of  complete  damage. 

Of  the  984  fire  stations  in  the  state,  81  (more  than  8%)  are  estimated  to  experience  at 
least  moderate  damage.  Approximately  8-9%  of  most  other  essential  facility  types 
(schools,  hospitals,  and  police  stations)  each  sustain  at  least  moderate  damage.  The  only 
emergency  operation  center  expected  to  sustain  this  level  of  damage  is  located  in  Desoto 
County. 


350 


Table  212:  Building  Damage  by  Building  Type  for  the  State  of  Mississippi 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

703,568 

50807 

7,092 

189 

3,335 

Steel 

2,512 

297 

296 

269 

181 

Concrete 

906 

102 

84 

63 

30 

Precast 

955 

104 

113 

78 

40 

Reinforced  Masonry 

494 

39 

36 

21 

12 

Unreinforced  Masonry 

44,187 

6104 

3,553 

1,531 

764 

Mobile  Home 

133,149 

27429 

16,731 

9,326 

2,938 

Total 

885,771 

84,882 

27,905 

11,477 

7,300 

All  non-functional  facilities  are  located  in  the  northern  portion  of  the  state.  Of 
Mississippi’s  123  hospitals,  89  are  considered  functional  the  day  after  the  earthquake,  and 
that  number  increases  to  112  functional  facilities  after  one  week.  Over  90%  of  all  fire 
stations  and  police  stations  in  Mississippi  are  estimated  to  remain  functional  the  day  after 
the  earthquake,  though  all  these  functioning  facilities  are  in  the  southern  portion  of  the 
state.  Most  of  Mississippi’s  northern  counties  are  left  without  functioning  facilities,  and 
will  likely  experience  diminished  services  in  the  immediate  aftermath  of  an  earthquake. 


Table  213:  Essential  Facilities  Damage  &  Functionality  for  the  State  of  Mississippi8 


Essential  Facilities  Damage  &  Functionality  (State) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

123 

11 

2 

89 

Schools 

1,281 

110 

10 

1,130 

EOCs 

37 

1 

0 

35 

Police  Stations 

365 

30 

2 

322 

Fire  Stations 

984 

81 

3 

856 

8  For  Tables  213-223  the  following  method  is  used  to  determine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MF1  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.),  in  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged’. 
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Table  214:  Essential  Facilities  Damage  &  Functionality  for  the  25  Critical  Counties 


Essential  Facilities  Damage  &  Functionality  (25  Critical  Counties) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

27 

11 

2 

0 

Schools 

353 

110 

10 

202 

EOCs 

10 

1 

0 

8 

Police  Stations 

121 

30 

2 

78 

Fire  Stations 

294 

81 

3 

166 

Table  215:  Highway  Bridge  Damage  Assessments 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

5,043 

73 

0 

4,978 

Remaining  Counties 

11,893 

0 

0 

11,893 

Total  State 

16,936 

73 

0 

16,871 

Table  216:  Airport  Damage  Assessments 


Airport  Damage  Assessments 

Total  No. 

Of  Airport 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

80 

5 

0 

80 

Remaining  Counties 

176 

0 

0 

176 

Total  State 

256 

5 

0 

256 

As  is  the  case  with  essential  facilities,  transportation  lifelines  also  incur  the  most  severe 
damage  in  northern  Mississippi  counties  Roughly  75  of  the  16,900  bridges,  or  less  than 
1%  of  all  bridges,  are  estimated  to  incur  at  least  moderate  damage.  Highway  road 
segments  connecting  these  damaged  bridges  are  expected  to  incur  slightly  less  damage 
than  the  bridges  themselves,  even  in  the  counties  with  the  most  severe  shaking.  Highway 
segments  are  most  generally  defined  as  a  section  of  highway  between  two  end  nodes. 
These  end  nodes  are  frequently  highway  bridges.  At  least  moderate  damage  to  highway 
bridges  is  characterized  by  moderate  shear  (diagonal)  cracking  of  columns,  spalling  of 
cover  concrete  and  shear  keys,  abutment  movement  less  than  two-inches,  extensive 
cracking  to  shear  keys,  bent  connection  bolts,  and  moderate  settlement  of  the  bridge 
approaches.  Furthermore,  one  port  and  five  airports  reach  the  at  least  moderate  damage 
state  and  follow  roughly  the  same  damage  distribution  throughout  the  state  as  highway 
bridges.  At  least  moderate  damage  to  port  facilities  includes  considerable  ground 
settlement,  derailment  of  port  equipment,  and  damage  to  structural  members.  For  airports, 
at  least  moderate  damage  is  defined  in  the  same  manner  as  damage  to  other  building 
types  discussed  previously. 
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Table  217:  Transportation  System  Damage  for  the  State  of  Mississippi 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 
Damage 
(Damage  >50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

2,425 

0 

0 

2,425 

Bridges 

16,936 

73 

0 

16,871 

Tunnels 

0 

0 

0 

0 

Railways 

Segments 

2,376 

0 

0 

2,376 

Bridges 

63 

0 

0 

63 

Tunnels 

1 

0 

0 

1 

Facilities 

76 

0 

0 

76 

Bus 

Facilities 

40 

0 

0 

40 

Light  Rail 

Segments 

0 

0 

0 

0 

Bridges 

0 

0 

0 

0 

Facilities 

0 

0 

0 

0 

Ferry 

Facilities 

2 

2 

2 

0 

Port 

Facilities 

222 

1 

0 

222 

Airport 

Facilities 

256 

5 

0 

256 

Runways 

205 

0 

0 

205 

Table  218:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

3 

0 

0 

3 

Remaining  Counties 

14 

0 

0 

14 

Total  State 

17 

0 

0 

17 

Table  219:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Waste 

Water  Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

630 

102 

0 

347 

Remaining  Counties 

2,450 

0 

0 

2,450 

Total  State 

3,080 

102 

0 

2,797 

Utility  lifelines  show  similar  damage  and  functionality  estimates  to  those  of  the 
transportation  systems.  Over  100  waste  water  and  nearly  300  communication  facilities 
incur  at  least  moderate  damage,  while  24  electric  power  facilities  reach  the  same  damage 
state.  There  are  no  potable  water  facilities  in  the  counties  with  the  most  intense  shaking, 
and  as  a  result,  no  potable  water  facilities  are  expected  to  reach  the  at  least  moderate 
damage.  About  12%  of  all  natural  gas  facilities  in  the  critical  counties  incur  at  least 
moderate  damage. 
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Table  220:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

98 

12 

0 

86 

Remaining  Counties 

317 

0 

0 

317 

Total  State 

415 

12 

0 

403 

Table  221:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

6 

1 

0 

5 

Remaining  Counties 

99 

0 

0 

99 

Total  State 

105 

1 

0 

104 

Table  222:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

128 

24 

0 

80 

Remaining  Counties 

620 

0 

0 

620 

Total  State 

748 

24 

0 

700 

Table  223:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

25  Critical  Counties 

2,553 

290 

0 

2,553 

Remaining  Counties 

6,663 

0 

0 

6,663 

Total  State 

9,216 

290 

0 

9,216 

Pipeline  damage  is  estimated  for  local  potable  water,  waste  water  and  natural  gas  systems. 
Major  transmission  pipelines  for  natural  gas  are  added  from  HSIP  2007  data.  Oil 
pipelines  are  not  included  in  the  HAZUS-MH  MR2  default  inventory,  called  local 
inventory  in  HAZUS-MH  MR2,  though  regional  oil  pipelines  are  added  to  provide 
damage  estimates  for  these  major  oil  transmission  lines.  These  oil  pipelines  are  composed 
of  major  crude  oil  and  refined  product  lines  only.  Regional  and  local  natural  gas  networks 
are  represented  separately  and  damage  is  estimated  for  each.  Potable  water  lines  show  the 
greatest  amount  of  both  breaks  and  leaks  at  roughly  2,700  and  2,985,  respectively.  Local 
natural  gas  lines,  however;  show  the  greatest  break  and  leak  rates  per  length  of  pipe  at 
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roughly  0.059  leaks/mile  (1  leak  every  17  miles)  or  0.054  breaks/mile  (roughly  1  break 
every  18.5  miles).  In  addition,  local  and  regional  damage  to  natural  gas  lines  can  be 
combined  for  a  total  state  damage  estimate  of  2,583  leaks  and  2,444  breaks  over  the 
combined  length  of  52,653  miles  of  natural  gas  pipeline. 

Potable  water  service  is  cut  off  to  nearly  42,000  residences  the  day  after  the  scenario 
earthquake.  This  is  reduced  to  roughly  40,000  residences  within  a  week,  with  all  service 
restored  after  three  months.  These  estimates  are  calculated  from  a  formula  that  uses  the 
damage  to  the  distribution  system  to  determine  the  repair  rate.  Additional  information  on 
this  formula  is  available  in  the  HAZUS-MH  MR2  Technical  Manual  that  accompanies 
the  program.  This  period  of  time  without  water  prevents  thousands  of  people  from 
remaining  in  their  homes  in  the  weeks  and  months  following  the  earthquake.  Electric 
power  service  shows  similar  trends,  with  over  32,600  residences  without  electric  power 
the  day  after  the  earthquake,  or  over  3%  of  all  state  residences.  Even  a  month  after  the 
earthquake,  nearly  1,300  residences  are  still  without  power.  All  electric  power  lines  in 
Mississippi  are  presumed  to  be  above  ground  and  less  likely  to  incur  damage  from 
moderate  ground  shaking,  unlike  buried  pipelines  that  are  vulnerable  to  damage  from 
liquefaction  and  ground  deformation 


Table  224:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

106,188 

2,985 

2,700 

Waste  Water  -  Local 

63,698 

2,361 

2,136 

Natural  Gas  -  Regional 

10,188 

59 

161 

Natural  Gas  -  Local 

42,465 

2,524 

2,283 

Oil  -  Regional 

3,488 

8 

16 

Table  225:  Utility  Service  Interruptions 


Utility 

)  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1  Day  3  Day  7  Day  30  Day  90 

Potable  Water 

Electric  Power 

1,046,434 

41,790  40,256  39,752  28,749  0 

32,601  18,416  6,452  1,276  44 

The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  levels  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 

Some  of  the  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  format  employed  to  generate  the  HAZUS- 
MH  MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage 
state  likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods 
for  all  facilities  of  a  given  type  in  a  specific  county.  The  damage  estimates  shown 
previously  for  corresponding  infrastructure  types  are  based  on  a  different  set  of  criteria  as 
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discussed  in  footnote  (8)  and  employed  in  the  preceding  damage  tables  for  this  scenario. 
Both  methods  are  employed  in  HAZUS-MH  MR2  and  are  valid  estimation 
methodologies,  though  they  generate  different  estimations  of  county  damage  for  a 
specific  facility  type.  Consider  the  following  comparison: 

•  Desoto  County,  Mississippi  -  204  Highway  Bridges 

o  Estimation  procedure  according  to  footnote  8: 

■  Summation  of  individual  facilities  after  that  facility  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  25  at  least  moderately  damaged 
highway  bridges 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  waste  water  facilities  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  facilities  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
facilities  in  the  county  provides  an  estimate  of  56  at  least 
moderately  damaged  highway  bridges 

In  the  case  of  Desoto  County,  Mississippi,  the  topic  damage  tables  in  this  appendix 
provide  a  higher  estimate  of  damage  as  opposed  to  the  facility-by-facility  damage 
summation  detailed  in  footnote  (8).  Though  not  illustrated  here,  other  counties  in 
Mississippi  are  estimated  to  incur  less  damage  when  this  averaging  estimation  procedure 
is  used.  Comparing  the  total  number  of  at  least  moderately  damaged  highway  bridges  for 
the  25  critical  counties  in  Mississippi  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  highway  bridges 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  300  at  least  moderately  damaged  highway  bridges 

o  Total  number  of  at  least  moderately  damaged  highway  bridges 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  73  at  least  moderately  damaged  highway  bridges 

Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  greater  damage  when  summed  for  the  25  critical  counties.  Other 
infrastructure  categories  may  or  may  not  follow  this  trend  thus  requiring  an  investigation 
of  each  infrastructure  type  separately.  This  is  not  undertaken  here,  though  it  can  be  done 
with  the  infonnation  provided  in  this  appendix.  The  following  tables  provide  damage  and 
functionality  estimates  for  the  NMSZ  scenario  critical  counties  in  Mississippi.  There 
tables  employ  the  HAZUS-MH  MR2  damage  methodology  of  averaging  each  of  four 
damage  levels  for  a  county. 
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Table  226:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Alcorn 

Single  Family 

8,816 

2,152 

247 

28 

5 

11,248 

Other  Residential 

962 

763 

613 

243 

38 

2,619 

Commercial 

66 

29 

12 

1 

0 

108 

Industrial 

14 

7 

5 

1 

0 

27 

Other 

4 

2 

1 

0 

0 

7 

Benton 

Single  Family 

1,120 

1,023 

209 

41 

30 

2,423 

Other  Residential 

8 

67 

278 

285 

53 

691 

Commercial 

0 

1 

3 

2 

1 

7 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

0 

0 

0 

0 

Bolivar 

Single  Family 

8,309 

968 

75 

3 

0 

9,355 

Other  Residential 

907 

606 

393 

195 

35 

2,136 

Commercial 

68 

32 

15 

4 

1 

120 

Industrial 

3 

1 

1 

0 

0 

5 

Other 

10 

4 

2 

1 

0 

17 

Calhoun 

Single  Family 

4,301 

501 

39 

1 

0 

4,842 

Other  Residential 

532 

425 

237 

6 

0 

1,200 

Commercial 

16 

7 

3 

0 

0 

26 

Industrial 

14 

6 

3 

0 

0 

23 

Other 

3 

1 

0 

0 

0 

4 

Chickasaw 

Single  Family 

4,295 

500 

39 

1 

0 

4,835 

Other  Residential 

939 

758 

424 

10 

0 

2,131 

Commercial 

28 

12 

5 

0 

0 

45 

Industrial 

11 

5 

3 

0 

0 

19 

Other 

8 

3 

1 

0 

0 

12 

Coahoma 

Single  Family 

6,613 

770 

60 

2 

0 

7,445 

Other  Residential 

436 

221 

231 

342 

63 

1,293 

Commercial 

20 

20 

18 

13 

4 

75 

Industrial 

1 

1 

2 

3 

1 

8 

Other 

3 

2 

1 

1 

0 

7 

Desoto 

Single  Family 

13,432 

15,658 

4,780 

743 

2,713 

37,326 

Other  Residential 

128 

240 

649 

1,091 

1,320 

3,428 

Commercial 

1 

10 

67 

107 

130 

315 

Industrial 

0 

2 

12 

28 

49 

91 

Other 

4 

5 

8 

10 

13 

40 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Grenada 

Single  Family 

6,070 

707 

55 

2 

0 

6,834 

Other  Residential 

629 

449 

315 

204 

37 

1,634 

Commercial 

49 

22 

10 

2 

1 

84 

Industrial 

17 

9 

6 

2 

0 

34 

Other 

4 

2 

1 

0 

0 

7 

Itawamba 

Single  Family 

6,357 

740 

58 

2 

0 

7,157 

Other  Residential 

906 

761 

428 

10 

0 

2,105 

Commercial 

15 

6 

3 

0 

0 

24 

Industrial 

2 

1 

0 

0 

0 

3 

Other 

17 

6 

2 

0 

0 

25 

Lafayette 

Single  Family 

5,322 

3,135 

581 

103 

21 

9,162 

Other  Residential 

784 

850 

1,123 

854 

141 

3,752 

Commercial 

4 

20 

52 

37 

9 

122 

Industrial 

5 

20 

111 

155 

46 

337 

Other 

2 

3 

8 

6 

1 

20 

Lee 

Single  Family 

20,288 

2,363 

184 

7 

0 

22,842 

Other  Residential 

2,671 

1,805 

974 

24 

0 

5,474 

Commercial 

312 

134 

56 

4 

0 

506 

Industrial 

99 

46 

25 

2 

0 

172 

Other 

40 

14 

5 

0 

0 

59 

Marshall 

Single  Family 

3,915 

3,575 

728 

142 

158 

8,518 

Other  Residential 

72 

374 

1,437 

1,466 

295 

3,644 

Commercial 

1 

6 

16 

12 

4 

39 

Industrial 

0 

1 

4 

6 

2 

13 

Other 

2 

4 

6 

5 

1 

18 

Monroe 

Single  Family 

10,075 

1,174 

91 

3 

0 

11,343 

Other  Residential 

1,522 

1,190 

661 

16 

0 

3,389 

Commercial 

37 

16 

6 

0 

0 

59 

Industrial 

11 

5 

3 

0 

0 

19 

Other 

7 

2 

1 

0 

0 

10 

Panola 

Single  Family 

5,081 

2,231 

409 

72 

15 

7,808 

Other  Residential 

301 

552 

1,583 

1,746 

293 

4,475 

Commercial 

18 

21 

24 

17 

5 

85 

Industrial 

2 

2 

5 

6 

2 

17 

Other 

4 

3 

4 

3 

1 

15 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Pontotoc 

Single  Family 

6,784 

864 

67 

2 

0 

7,717 

Other  Residential 

1,059 

860 

481 

12 

0 

2,412 

Commercial 

27 

12 

5 

0 

0 

44 

Industrial 

18 

8 

4 

0 

0 

30 

Other 

5 

2 

1 

0 

0 

8 

Prentiss 

Single  Family 

6,380 

1,072 

84 

3 

0 

7,539 

Other  Residential 

812 

626 

345 

8 

0 

1,791 

Commercial 

27 

12 

5 

0 

0 

44 

Industrial 

7 

3 

2 

0 

0 

12 

Other 

9 

4 

1 

0 

0 

14 

Quitman 

Single  Family 

2,250 

262 

20 

1 

0 

2,533 

Other  Residential 

112 

112 

141 

219 

40 

624 

Commercial 

2 

2 

2 

1 

0 

7 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

2 

1 

1 

1 

0 

5 

Sunflower 

Single  Family 

6,748 

618 

48 

2 

0 

7,416 

Other  Residential 

383 

185 

120 

70 

13 

771 

Commercial 

45 

16 

7 

1 

0 

69 

Industrial 

6 

2 

1 

0 

0 

9 

Other 

9 

4 

3 

2 

0 

18 

Tallahatchie 

Single  Family 

3,022 

352 

27 

1 

0 

3,402 

Other  Residential 

221 

244 

312 

485 

90 

1,352 

Commercial 

5 

5 

5 

3 

1 

19 

Industrial 

0 

0 

1 

0 

0 

1 

Other 

5 

3 

3 

2 

1 

14 

Tate 

Single  Family 

3,050 

2,785 

567 

110 

443 

6,955 

Other  Residential 

87 

257 

831 

837 

238 

2,250 

Commercial 

1 

7 

20 

14 

10 

52 

Industrial 

0 

2 

8 

8 

7 

25 

Other 

1 

2 

5 

4 

3 

15 

Tippah 

Single  Family 

3,025 

2,762 

561 

104 

22 

6,474 

Other  Residential 

36 

179 

681 

693 

113 

1,702 

Commercial 

1 

4 

11 

8 

2 

26 

Industrial 

1 

4 

14 

15 

4 

38 

Other 

1 

1 

2 

2 

0 

6 

359 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Tishomingo 

Single  Family 

5,900 

948 

74 

3 

0 

6,925 

Other  Residential 

745 

596 

332 

8 

0 

1,681 

Commercial 

25 

11 

5 

0 

0 

41 

Industrial 

9 

4 

2 

0 

0 

15 

Other 

9 

3 

1 

0 

0 

13 

Tunica 

Single  Family 

630 

576 

117 

22 

454 

1,799 

Other  Residential 

25 

78 

257 

259 

263 

882 

Commercial 

1 

9 

23 

17 

22 

72 

Industrial 

0 

0 

0 

1 

1 

2 

Other 

0 

1 

2 

2 

3 

8 

Union 

Single  Family 

5,647 

1,757 

262 

41 

20 

7,727 

Other  Residential 

605 

514 

575 

357 

62 

2,113 

Commercial 

34 

16 

8 

2 

0 

60 

Industrial 

26 

12 

6 

0 

0 

44 

Other 

4 

2 

1 

0 

0 

7 

Yalobusha 

Single  Family 

3,260 

459 

36 

1 

0 

3,756 

Other  Residential 

770 

622 

345 

8 

0 

1,745 

Commercial 

7 

3 

1 

0 

0 

11 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

0 

0 

0 

0 
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Table  227:  Hospital  Functionality 


Counties 

Total  # 
of  Beds 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

Alcorn 

165 

78 

47.30 

79 

47.90 

121 

73.30 

161 

97.60 

163 

98.80 

Benton 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Bolivar 

155 

74 

47.70 

75 

48.30 

114 

73.60 

151 

97.60 

153 

98.80 

Calhoun 

30 

14 

47.70 

14 

48.30 

22 

73.60 

29 

97.60 

30 

98.80 

Chickasaw 

84 

40 

47.70 

41 

48.30 

62 

73.60 

82 

97.60 

83 

98.80 

Coahoma 

195 

33 

17.00 

34 

17.50 

78 

39.80 

169 

86.60 

182 

93.20 

Desoto 

246 

0 

0 

0 

0 

0 

0 

4.92 

2 

34.194 

13.9 

Grenada 

156 

74 

47.70 

75 

48.30 

115 

73.60 

152 

97.60 

154 

98.80 

Itawamba 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Lafayette 

204 

1 

0.40 

1 

0.50 

6 

2.70 

62 

30.20 

119 

58.10 

Lee 

50 

24 

47.70 

24 

48.30 

37 

73.60 

49 

97.60 

49 

98.80 

Marshall 

40 

0 

0.40 

0 

0.50 

1 

2.70 

12 

29.90 

23 

57.60 

Monroe 

144 

69 

47.70 

70 

48.30 

106 

73.60 

141 

97.60 

142 

98.80 

Panola 

182 

16 

8.70 

16 

9.00 

39 

21.25 

106 

58.40 

138 

75.65 

Pontotoc 

102 

49 

47.70 

49 

48.30 

75 

73.60 

100 

97.60 

101 

98.80 

Prentiss 

114 

54 

47.30 

55 

47.90 

84 

73.30 

111 

97.60 

113 

98.80 

Quitman 

36 

6 

17.00 

6 

17.50 

14 

39.80 

31 

86.60 

34 

93.20 

Sunflower 

160 

76 

47.70 

77 

48.30 

118 

73.60 

156 

97.60 

158 

98.80 

Tallahatchie 

77 

13 

17.00 

13 

17.50 

31 

39.80 

67 

86.60 

72 

93.20 

Tate 

76 

0 

0.30 

0 

0.30 

2 

2.00 

17 

22.60 

33 

43.60 

Tippah 

110 

0 

0.40 

1 

0.50 

3 

2.70 

33 

30.20 

64 

58.10 

Tishomingo 

48 

23 

47.30 

23 

47.90 

35 

73.30 

47 

97.60 

47 

98.80 

Tunica 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Union 

200 

95 

47.30 

96 

47.90 

147 

73.30 

195 

97.60 

198 

98.80 

Yalobusha 

85 

40 

47.30 

41 

47.90 

62 

73.30 

83 

97.60 

84 

98.80 

*  Note:  Discrepancies  between  the  number  of  hospital  beds  and  the  percentage  of  beds 
may  occur  due  to  rounding. 
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Table  228:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Alcorn 

2 

47.00 

Benton 

2 

0.80 

Bolivar 

13 

51.90 

Calhoun 

5 

51.90 

Chickasaw 

4 

51.90 

Coahoma 

7 

51.90 

Desoto 

6 

0.47 

Grenada 

2 

51.90 

Itawamba 

4 

51.90 

Lafayette 

3 

0.90 

Lee 

7 

51.90 

Marshall 

4 

0.80 

Monroe 

5 

51.90 

Panola 

6 

9.33 

Pontotoc 

3 

51.90 

Prentiss 

4 

49.45 

Quitman 

5 

51.90 

Sunflower 

8 

67.73 

Tallahatchie 

7 

51.90 

Tate 

4 

0.80 

Tippah 

4 

0.88 

Tishomingo 

6 

49.45 

Tunica 

2 

0.60 

Union 

4 

47.00 

Yalobusha 

4 

49.45 
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Table  229:  School  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Alcorn 

17 

38.86 

Benton 

5 

0.80 

Bolivar 

25 

51.90 

Calhoun 

8 

51.90 

Chickasaw 

9 

51.90 

Coahoma 

23 

51.90 

Desoto 

35 

0.43 

Grenada 

7 

51.90 

Itawamba 

9 

51.90 

Lafayette 

15 

17.36 

Lee 

32 

51.90 

Marshall 

16 

0.80 

Monroe 

19 

51.90 

Panola 

15 

28.08 

Pontotoc 

13 

51.90 

Prentiss 

15 

48.75 

Quitman 

5 

51.90 

Sunflower 

24 

61.07 

Tallahatchie 

7 

51.90 

Tate 

13 

0.75 

Tippah 

12 

0.89 

Tishomingo 

9 

49.72 

Tunica 

6 

0.60 

Union 

9 

32.12 

Yalobusha 

5 

48.96 
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Table  230:  Fire  Station  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Alcorn 

15 

37.78 

Benton 

6 

0.80 

Bolivar 

14 

51.90 

Calhoun 

8 

51.90 

Chickasaw 

7 

51.90 

Coahoma 

11 

51.90 

Desoto 

19 

0.53 

Grenada 

10 

51.90 

Itawamba 

12 

51.90 

Lafayette 

16 

18.18 

Lee 

22 

51.90 

Marshall 

9 

0.80 

Monroe 

22 

51.90 

Panola 

12 

13.62 

Pontotoc 

12 

50.68 

Prentiss 

14 

48.05 

Quitman 

5 

51.90 

Sunflower 

7 

63.96 

Tallahatchie 

14 

51.90 

Tate 

12 

0.78 

Tippah 

9 

0.88 

Tishomingo 

16 

49.14 

Tunica 

2 

0.60 

Union 

13 

42.13 

Yalobusha 

7 

51.20 
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Table  231:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Alcorn 

172 

81.93 

95.17 

96.89 

99.60 

99.90 

Benton 

23 

78.40 

94.00 

96.10 

99.50 

99.90 

Bolivar 

207 

93.20 

98.90 

99.40 

99.90 

99.90 

Calhoun 

66 

93.20 

98.90 

99.40 

99.90 

99.90 

Chickasaw 

78 

93.20 

98.90 

99.40 

99.90 

99.90 

Coahoma 

121 

91.45 

98.29 

98.97 

99.82 

99.89 

Desoto 

250 

61.43 

82.88 

87.71 

97.35 

99.49 

Grenada 

74 

93.20 

98.90 

99.40 

99.90 

99.90 

Itawamba 

55 

93.20 

98.90 

99.40 

99.90 

99.90 

Lafayette 

99 

78.40 

94.00 

96.10 

99.50 

99.90 

Lee 

219 

93.22 

98.90 

99.40 

99.90 

99.90 

Marshall 

114 

75.16 

92.04 

94.63 

99.16 

99.83 

Monroe 

186 

93.21 

98.90 

99.40 

99.90 

99.90 

Panola 

112 

78.36 

93.95 

96.05 

99.46 

99.89 

Pontotoc 

70 

93.20 

98.90 

99.40 

99.90 

99.90 

Prentiss 

45 

93.20 

98.90 

99.40 

99.90 

99.90 

Quitman 

60 

88.27 

97.27 

98.30 

99.77 

99.90 

Sunflower 

128 

95.62 

99.27 

99.58 

99.90 

99.90 

Tallahatchie 

60 

93.20 

98.90 

99.40 

99.90 

99.90 

Tate 

69 

75.31 

91.77 

94.26 

98.68 

99.74 

Tippah 

55 

78.47 

94.00 

96.10 

99.50 

99.90 

Tishomingo 

65 

93.22 

98.90 

99.40 

99.90 

99.90 

Tunica 

117 

74.39 

89.06 

91.16 

95.68 

99.15 

Union 

73 

85.09 

96.22 

97.59 

99.68 

99.90 

Yalobusha 

35 

89.39 

97.64 

98.55 

99.80 

99.90 
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Table  232:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

Alcorn 

14,224 

0 

0 

0 

0 

0 

Benton 

2,999 

0 

0 

0 

0 

0 

Bolivar 

13,776 

0 

0 

0 

0 

0 

Calhoun 

6,019 

0 

0 

0 

0 

0 

Chickasaw 

7,253 

0 

0 

0 

0 

0 

Coahoma 

10,553 

0 

0 

0 

0 

0 

Desoto 

38,792 

37,257 

37,066 

36,588 

26,460 

0 

Grenada 

8,820 

0 

0 

0 

0 

0 

Itawamba 

8,773 

0 

0 

0 

0 

0 

Lafayette 

14,373 

0 

0 

0 

0 

0 

Lee 

29,200 

0 

0 

0 

0 

0 

Marshall 

12,163 

151 

0 

0 

0 

0 

Monroe 

14,603 

0 

0 

0 

0 

0 

Panola 

12,232 

5 

0 

0 

0 

0 

Pontotoc 

10,097 

0 

0 

0 

0 

0 

Prentiss 

9,821 

0 

0 

0 

0 

0 

Quitman 

3,565 

0 

0 

0 

0 

0 

Sunflower 

9,637 

0 

0 

0 

0 

0 

Tallahatchie 

5,263 

0 

0 

0 

0 

0 

Tate 

8,850 

1,178 

1 

0 

0 

0 

Tippah 

8,108 

0 

0 

0 

0 

0 

Tishomingo 

7,917 

0 

0 

0 

0 

0 

Tunica 

3,258 

3,199 

3,189 

3,164 

2,289 

0 

Union 

9,786 

0 

0 

0 

0 

0 

Yalobusha 

5,260 

0 

0 

0 

0 

0 
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Table  233:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Alcorn 

1 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Benton 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Bolivar 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Calhoun 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Chickasaw 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Coahoma 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Desoto 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Grenada 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Itawamba 

1 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Lafayette 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Lee 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Marshall 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Monroe 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Panola 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Pontotoc 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Prentiss 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Quitman 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Sunflower 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Tallahatchie 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Tate 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Tippah 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Tishomingo 

1 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Tunica 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Union 

0 

N/A 

N/A 

N/A 

N/A 

N/A 

Yalobusha 

0 

N/A 

N/A 

N/A 

N/A 

N/A 
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Table  234:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Alcorn 

1,071 

39 

10 

Benton 

789 

36 

16 

Bolivar 

2,273 

98 

24 

Calhoun 

994 

43 

11 

Chickasaw 

891 

38 

10 

Coahoma 

1,724 

131 

33 

Desoto 

1,523 

671 

1,117 

Grenada 

972 

42 

10 

Itawamba 

1,174 

6 

2 

Lafayette 

1,230 

53 

13 

Lee 

1,472 

49 

12 

Marshall 

1,396 

142 

58 

Monroe 

1,651 

36 

9 

Panola 

1,584 

156 

39 

Pontotoc 

1,025 

44 

11 

Prentiss 

997 

19 

5 

Quitman 

690 

59 

15 

Sunflower 

2,010 

66 

16 

Tallahatchie 

1,661 

71 

18 

Tate 

888 

92 

81 

Tippah 

975 

42 

10 

Tishomingo 

1,122 

48 

12 

Tunica 

1,032 

384 

1,011 

Union 

908 

40 

12 

Yalobusha 

1,001 

43 

11 
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Table  235:  Households  without  Electric  Power  Service 


Counties 

#  of  Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

Alcorn 

14,224 

0 

0 

0 

0 

0 

Benton 

2,999 

0 

0 

0 

0 

0 

Bolivar 

13,776 

0 

0 

0 

0 

0 

Calhoun 

6,019 

0 

0 

0 

0 

0 

Chickasaw 

7,253 

0 

0 

0 

0 

0 

Coahoma 

10,553 

0 

0 

0 

0 

0 

Desoto 

38,792 

29,217 

16,692 

5,972 

1,213 

39 

Grenada 

8,820 

0 

0 

0 

0 

0 

Itawamba 

8,773 

0 

0 

0 

0 

0 

Lafayette 

14,373 

0 

0 

0 

0 

0 

Lee 

29,200 

0 

0 

0 

0 

0 

Marshall 

12,163 

1,930 

983 

274 

36 

3 

Monroe 

14,603 

0 

0 

0 

0 

0 

Panola 

12,232 

0 

0 

0 

0 

0 

Pontotoc 

10,097 

0 

0 

0 

0 

0 

Prentiss 

9,821 

0 

0 

0 

0 

0 

Quitman 

3,565 

0 

0 

0 

0 

0 

Sunflower 

9,637 

0 

0 

0 

0 

0 

Tallahatchie 

5,263 

0 

0 

0 

0 

0 

Tate 

8,850 

1,454 

741 

206 

27 

2 

Tippah 

8,108 

0 

0 

0 

0 

0 

Tishomingo 

7,917 

0 

0 

0 

0 

0 

Tunica 

3,258 

0 

0 

0 

0 

0 

Union 

9,786 

0 

0 

0 

0 

0 

Yalobusha 

5,260 

0 

0 

0 

0 

0 
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Table  236:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Alcorn 

21 

21.17% 

41.98% 

29.89% 

6.29% 

0.64% 

Benton 

8 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Bolivar 

37 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Calhoun 

13 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Chickasaw 

29 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Coahoma 

28 

44.59% 

38.41% 

14.83% 

1.98% 

0.17% 

Desoto 

90 

7.48% 

30.20% 

40.69% 

16.73% 

4.88% 

Grenada 

31 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Itawamba 

18 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Lafayette 

26 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Lee 

49 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Marshall 

24 

17.4% 

40.2% 

32.8% 

8.3% 

1.3% 

Monroe 

31 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Panola 

38 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Pontotoc 

25 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Prentiss 

13 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Quitman 

6 

24.78% 

41.43% 

27.58% 

5.63% 

0.57% 

Sunflower 

24 

59.7% 

30.4% 

9.0% 

0.8% 

0.0% 

Tallahatchie 

12 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Tate 

27 

16.03% 

38.17% 

32.36% 

8.53% 

4.89% 

Tippah 

17 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Tishomingo 

25 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Tunica 

16 

18.35% 

39.26% 

28.68% 

6.10% 

7.59% 

Union 

12 

39.91% 

39.13% 

17.84% 

2.84% 

0.26% 

Yalobusha 

10 

40.92% 

38.97% 

17.19% 

2.65% 

0.24% 
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Table  237:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Alcorn 

1,035 

31 

8 

Benton 

763 

28 

13 

Bolivar 

2,196 

77 

19 

Calhoun 

960 

34 

8 

Chickasaw 

861 

30 

8 

Coahoma 

1,666 

104 

26 

Desoto 

1,472 

531 

883 

Grenada 

939 

33 

8 

Itawamba 

1,134 

5 

1 

Lafayette 

1,189 

42 

10 

Lee 

1,422 

39 

10 

Marshall 

1,349 

112 

46 

Monroe 

1,596 

28 

7 

Panola 

1,531 

124 

31 

Pontotoc 

991 

35 

9 

Prentiss 

963 

15 

4 

Quitman 

667 

47 

12 

Sunflower 

1,942 

52 

13 

Tallahatchie 

1,604 

56 

14 

Tate 

858 

72 

64 

Tippah 

943 

33 

8 

Tishomingo 

1,085 

38 

10 

Tunica 

997 

304 

800 

Union 

877 

31 

9 

Yalobusha 

967 

34 

9 
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Table  238:  Highway  Bridge  Damage 


Counties 

#  of 
Bridges 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Alcorn 

234 

90.34% 

7.05% 

1.24% 

1.00% 

0.36% 

Benton 

120 

85.82% 

5.20% 

3.03% 

3.40% 

2.53% 

Bolivar 

286 

97.01% 

1.57% 

0.67% 

0.55% 

0.18% 

Calhoun 

224 

97.30% 

2.03% 

0.42% 

0.21% 

0.03% 

Chickasaw 

231 

97.41% 

1.94% 

0.40% 

0.20% 

0.03% 

Coahoma 

112 

85.66% 

6.16% 

3.39% 

3.33% 

1.43% 

Desoto 

204 

62.86% 

9.83% 

6.02% 

8.30% 

12.97% 

Grenada 

171 

88.68% 

4.57% 

2.63% 

2.84% 

1.26% 

Itawamba 

240 

97.32% 

1.99% 

0.43% 

0.22% 

0.03% 

Lafayette 

263 

89.19% 

6.00% 

1.74% 

1.61% 

1.43% 

Lee 

377 

97.32% 

1.95% 

0.45% 

0.23% 

0.03% 

Marshall 

256 

79.93% 

6.96% 

3.78% 

4.36% 

4.95% 

Monroe 

289 

98.79% 

0.90% 

0.19% 

0.10% 

0.01% 

Panola 

251 

82.63% 

7.29% 

4.01% 

4.17% 

1.87% 

Pontotoc 

164 

96.21% 

3.24% 

0.34% 

0.17% 

0.02% 

Prentiss 

206 

94.14% 

5.16% 

0.43% 

0.22% 

0.03% 

Quitman 

117 

70.15% 

11.43% 

7.01% 

7.73% 

3.66% 

Sunflower 

189 

94.24% 

2.78% 

1.28% 

1.20% 

0.47% 

Tallahatchie 

155 

79.79% 

7.92% 

4.77% 

5.23% 

2.27% 

Tate 

157 

72.14% 

8.03% 

4.43% 

5.62% 

9.75% 

Tippah 

175 

88.18% 

5.26% 

2.77% 

2.71% 

1.06% 

Tishomingo 

138 

95.24% 

4.22% 

0.33% 

0.17% 

0.02% 

Tunica 

63 

65.80% 

4.52% 

2.60% 

2.57% 

24.48% 

Union 

242 

89.20% 

5.94% 

1.88% 

1.81% 

1.14% 

Yalobusha 

179 

96.68% 

2.53% 

0.49% 

0.25% 

0.03% 
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Table  239:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 
(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Alcorn 

234 

95.97 

98.09 

98.56 

98.72 

99.23 

Benton 

120 

90.70 

92.91 

94.12 

94.57 

96.43 

Bolivar 

286 

98.33 

98.92 

99.20 

99.27 

99.54 

Calhoun 

224 

98.90 

99.52 

99.68 

99.71 

99.80 

Chickasaw 

231 

98.94 

99.53 

99.69 

99.71 

99.81 

Coahoma 

112 

91.32 

93.88 

95.23 

95.69 

97.42 

Desoto 

204 

72.46 

76.68 

79.08 

80.27 

85.28 

Grenada 

171 

92.93 

94.84 

95.88 

96.27 

97.75 

Itawamba 

240 

98.90 

99.51 

99.68 

99.70 

99.80 

Lafayette 

263 

94.23 

96.23 

96.91 

97.15 

98.04 

Lee 

377 

98.87 

99.48 

99.65 

99.69 

99.80 

Marshall 

256 

86.43 

89.30 

90.80 

91.41 

93.90 

Monroe 

289 

99.46 

99.73 

99.80 

99.81 

99.86 

Panola 

251 

89.36 

92.39 

93.97 

94.55 

96.73 

Pontotoc 

164 

98.69 

99.59 

99.72 

99.74 

99.82 

Prentiss 

206 

98.10 

99.50 

99.66 

99.70 

99.80 

Quitman 

117 

81.01 

85.94 

88.69 

89.77 

93.84 

Sunflower 

189 

96.69 

97.76 

98.27 

98.43 

99.05 

Tallahatchie 

155 

87.25 

90.65 

92.54 

93.25 

95.98 

Tate 

157 

79.78 

83.10 

84.87 

85.70 

89.13 

Tippah 

175 

92.95 

95.11 

96.21 

96.57 

97.97 

Tishomingo 

138 

98.47 

99.60 

99.72 

99.75 

99.83 

Tunica 

63 

70.46 

72.36 

73.42 

74.09 

77.00 

Union 

242 

94.23 

96.27 

97.00 

97.26 

98.23 

Yalobusha 

179 

98.68 

99.44 

99.64 

99.67 

99.79 
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Missouri  -  New  Madrid  Seismic  Zone  Scenario 


This  earthquake  impact  assessment  includes  the  City  of  St.  Louis  and  all  114  counties  in 
the  State  of  Missouri.  Missouri  is  approximately  70,000  square  miles  and  is  bordered  by 
Iowa  to  the  north;  Arkansas  to  the  south;  Illinois,  Kentucky,  and  Tennessee  to  the  east; 
and  Nebraska,  Kansas,  and  Oklahoma  to  the  west.  For  the  purposes  of  this  analysis,  46 
critical  counties  have  been  identified  in  the  southeastern  portion  of  the  state  where 
shaking  is  anticipated  to  be  most  intense.  These  46  counties  are  the  focus  of  much  of  the 
damage  assessment  included  within  this  document. 
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Figure  9:  Scenario  Fault  Location  for  the  State  of  Missouri 


The  earthquake  impact  assessment  for  the  State  of  Missouri  employs  one  scenario  event 
along  the  New  Madrid  Fault.  The  scenario  consists  of  a  magnitude  7.7  (Mw7.7) 
earthquake  event  along  the  central  segment  of  the  presumed  New  Madrid  Fault  system. 
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The  ground  motions  used  to  represent  this  seismic  event  were  developed  by  the  U.S. 
Geological  Survey  (USGS)  for  the  middle  fault  in  the  proposed  New  Madrid  Seismic 
Zone  (NMSZ).  Each  fault  line  is  presumed  to  consist  of  three  fault  segments;  northern, 
central  and  southern.  The  worst-case  scenario  for  the  State  of  Missouri,  the  critical 
counties  in  particular,  is  an  event  on  the  western  fault  line  in  the  central  segment.  The 
location  of  this  scenario  event  is  illustrated  in  Figure  9  .  For  more  information  on  the 
hazard  utilized  in  this  scenario  please  reference  Appendix  I. 

The  NMSZ  scenario  produces  thousands  of  damaged  buildings  in  the  State  of  Missouri. 
The  damage  estimates  shown  indicate  that  nearly  85,000  buildings  in  Missouri 
experience  at  least  moderate  damage,  of  which  37,000  of  these  buildings  experience 
complete  damage.  Nearly  98%  of  all  at  least  moderate  damage  and  complete  damage 
occurs  to  residential  structures.  Additionally,  about  98%  of  all  at  least  moderate  damage 
occurs  in  the  46  critical  counties. 


Table  240:  Damage  by  General  Occupancy  Type  for  the  State  of  Missouri 


General  Occupancy  Type  Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

1,472,235 

55,807 

23,860 

Other  Residential 

272,089 

26,748 

12,179 

Commercial 

20,433 

1,560 

651 

Industrial 

2,872 

226 

80 

Other 

2,916 

226 

121 

Total 

1,770,545 

84,567 

36,891 

Table  241:  Damage  by  General  Occupancy  Type  for  the  46  Critical  Counties 


General  Occupancy  Type  Damage  (46  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

At  Least  Moderate 
Damage 

Complete  Damage 

Single  Family 

781,203 

55,195 

23,860 

Other  Residential 

148,667 

25,859 

12,179 

Commercial 

11,156 

1,533 

651 

Industrial 

1,678 

218 

80 

Other 

1,536 

215 

121 

Total 

944,240 

83,020 

36,891 

Wood  construction,  the  most  prevalent  building  type  in  Missouri,  sustains  the  most  cases 
of  complete  damage.  Approximately  15,000  wood  frame  buildings  will  experience 
complete  damage,  this  equates  to  about  40%  of  all  complete  damage  cases.  Unreinforced 
masonry  (URM)  construction  and  mobile  homes  (MH)  also  show  high  frequencies  of 
complete  damage  and  account  for  about  58%  of  all  complete  damage  cases.  This  damage 
state  is  identified  by  significant  cracking  to  unreinforced  masonry  walls  as  well  as  some 
connection  damage  to  column/beam  joints  in  unreinforced  masonry  building.  The 
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remaining  building  types  show  far  less  inventory  throughout  the  state  and  thus  experience 
a  far  lesser  proportion  of  damage. 


Table  242:  Building  Damage  by  Building  Type  for  the  State  of  Missouri 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,108,809 

40,945 

13,655 

4,808 

15,090 

Steel 

6,800 

601 

360 

109 

298 

Concrete 

2,166 

156 

70 

27 

84 

Precast 

2,291 

179 

129 

41 

97 

Reinforced  Masonry 

1,493 

121 

77 

20 

69 

Unreinforced  Masonry 

317,999 

34,151 

11,730 

3,929 

11,686 

Mobile  Home 

149,399 

20,868 

8,177 

4,544 

9,567 

Total 

1,588,957 

97,021 

34,198 

13,478 

36,891 

Table  243:  Essential  Facilities  Damage  &  Functionality  for  the  State  of  Missouri9 


Essential  Facilities  Damage  &  Functionality  (State) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

160 

8 

3 

123 

Schools 

2,817 

185 

85 

2,530 

EOCs 

33 

7 

4 

25 

Police  Stations 

654 

61 

32 

587 

Fire  Stations 

1,399 

116 

48 

1,264 

Table  244:  Essential  Facilities  Damage  &  Functionality  for  the  46  Critical  Counties 


Essential  Facilities  Damage  &  Functionality  (46  Critical  Counties) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

79 

8 

3 

42 

Schools 

1,435 

185 

85 

1,148 

EOCs 

17 

7 

4 

9 

Police  Stations 

326 

61 

32 

259 

Fire  Stations 

647 

116 

48 

512 

Of  the  1,399  fire  stations  in  the  state,  116  (more  than  8%)  are  estimated  to  experience  at 
least  moderate  damage.  Approximately  8-10%  of  most  other  essential  facility  types 


9  For  Tables  243-253  the  following  method  is  used  to  determine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MF1  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.).  In  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged’. 
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(schools,  hospitals  and  police  stations)  each  sustain  at  least  moderate  damage.  Several 
emergency  operation  centers  are  expected  to  sustain  this  level  of  damage  since  they  are 
located  in  the  portion  of  the  state  which  experiences  the  most  severe  shaking.  All  at  least 
moderated  damage  of  essential  facilities  is  confined  to  the  46  critical  counties. 

All  non-functional  facilities  are  located  in  the  southeastern  portion  of  the  state. 
Additionally,  numerous  hospitals  in  the  St.  Louis  metropolitan  area  are  not  functional  the 
first  week  after  the  earthquake.  Of  Missouri’s  160  hospitals,  123  are  considered 
functional  the  day  after  the  earthquake  and  that  number  increases  to  152  functional 
facilities  after  one  week.  Roughly  90%  of  all  fire  stations  and  police  stations  in  Missouri 
are  estimated  to  remain  functional  the  day  after  the  earthquake,  though  all  these 
functioning  facilities  are  in  the  northern  and  western  portions  of  the  state.  Most  of 
Missouri’s  southeastern  counties  are  left  without  functioning  facilities  and  will  likely 
experience  diminished  services  in  the  immediate  aftermath  of  an  earthquake. 


Table  245:  Highway  Bridge  Damage  Assessments 


Highway  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

7,803 

1,363 

659 

6,447 

Remaining  Counties 

13,962 

0 

0 

13,962 

Total  State 

21,765 

1,363 

659 

20,409 

Table  246:  Airport  Damage  Assessments 


Airport  Damage  Assessments 

Total  No. 

Of  Airports 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

208 

33 

5 

182 

Remaining  Counties 

350 

0 

0 

350 

Total  State 

558 

33 

5 

532 

As  is  the  case  with  essential  facilities,  transportation  lifelines  located  in  southeastern 
Missouri  Counties  incur  the  most  severe  damage.  Roughly  1,360  of  the  21,800  bridges, 
or  6%  of  all  bridges,  are  estimated  to  incur  at  least  moderate  damage.  Of  the  1,360 
damaged  bridges,  659  are  expected  to  experience  complete  damage.  Highway  road 
segments  connecting  these  damaged  bridges  are  expected  to  incur  slightly  less  damage 
than  the  bridges  themselves,  even  in  these  counties  with  the  most  severe  shaking. 
Highway  segments  are  most  generally  defined  as  a  section  of  highway  between  two  end 
nodes.  These  end  nodes  are  frequently  highway  bridges.  At  least  moderate  damage  to 
highway  bridges  is  characterized  by  moderate  shear  (diagonal)  cracking  of  columns, 
spalling  of  cover  concrete  and  shear  keys,  abutment  movement  less  than  two-inches, 
extensive  cracking  to  shear  keys,  bent  connection  bolts  and  moderate  settlement  of  the 
bridge  approaches. 
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Furthermore,  27%  of  all  ports  and  16%  of  all  airports  reach  the  at  least  moderate  damage 
state  and  follow  roughly  the  same  damage  distribution  throughout  the  state  as  highway 
bridges.  At  least  moderate  damage  to  port  facilities  includes  considerable  ground 
settlement,  derailment  of  port  equipment  and  damage  to  structural  members.  For  airports, 
at  least  moderate  damage  is  defined  in  the  same  manner  as  damage  to  other  building 
types  discussed  previously.  The  lack  of  functionality  of  many  transportation  lifelines  in 
southeastern  Missouri  will  make  the  movement  of  people  and  supplies  difficult  in  the 
days  immediately  following  the  earthquake. 


Table  247:  Transportation  System  Damage  for  the  State  of  Missouri 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 

Damage 

(Damage>50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

4,186 

0 

0 

4,185 

Bridges 

21,765 

1,363 

659 

20,409 

Tunnels 

0 

0 

0 

0 

Railways 

Segments 

3,487 

0 

0 

3,487 

Bridges 

200 

2 

0 

198 

Tunnels 

12 

0 

0 

12 

Facilities 

125 

24 

0 

109 

Bus 

Facilities 

72 

5 

1 

69 

Light  Rail 

Segments 

2 

0 

0 

2 

Bridges 

0 

0 

0 

0 

Facilities 

17 

17 

17 

0 

Ferry 

Facilities 

8 

8 

8 

0 

Port 

Facilities 

230 

49 

0 

205 

Airport 

Facilities 

558 

33 

5 

532 

Runways 

440 

0 

0 

440 

Table  248:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

3,413 

758 

48 

2,756 

Remaining  Counties 

5,186 

0 

0 

5,186 

Total  State 

8,599 

758 

48 

7,942 

Utility  lifelines  show  similar  damage  and  functionality  estimates  to  those  of  the 
transportation  systems.  Over  750  of  all  potable  water  facilities  are  moderately  or  more 
severely  damaged  while  48  incur  complete  damage.  Additionally  88  waste  water  facilities, 
1,573  communication  facilities,  and  96  electric  power  facilities  incur  at  least  moderate 
damage.  Additionally,  65  natural  gas  facilities,  or  about  54%  of  all  natural  gas  facilities 
located  in  the  critical  counties,  experience  at  least  moderate  damage. 
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Table  249:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Waste 

Water  Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

626 

88 

8 

505 

Remaining  Counties 

686 

0 

0 

686 

Total  State 

1,312 

88 

8 

1,191 

Table  250:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

117 

63 

6 

54 

Remaining  Counties 

237 

0 

0 

237 

Total  State 

354 

63 

9 

291 

Table  251:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

52 

8 

0 

44 

Remaining  Counties 

67 

0 

0 

67 

Total  State 

119 

8 

0 

111 

Table  252:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

426 

96 

7 

309 

Remaining  Counties 

980 

0 

0 

980 

Total  State 

1,406 

96 

7 

1,289 

Table  253:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

46  Critical  Counties 

9,232 

1,573 

104 

8,367 

Remaining  Counties 

11,640 

0 

0 

11,640 

Total  State 

20,872 

1,573 

104 

20,007 
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Pipeline  damage  is  estimated  for  local  potable  water,  waste  water  and  natural  gas  systems. 
Major  transmission  pipelines  for  natural  gas  are  added  from  HSIP  2007  data.  Oil 
pipelines  are  not  included  in  the  HAZUS-MH  MR2  default  inventory,  called  local 
inventory  in  HAZUS-MH  MR2,  though  regional  oil  pipelines  are  added  to  provide 
damage  estimates  for  these  major  oil  transmission  lines.  These  oil  pipelines  are  composed 
of  major  crude  oil  and  refined  product  lines  only.  Regional  and  local  natural  gas  networks 
are  represented  separately  and  damage  is  estimated  for  each.  Potable  water  lines  show  the 
greatest  amount  of  both  breaks  and  leaks  at  roughly  20,400  and  15,000,  respectively. 
Local  natural  gas  lines,  however,  show  the  greatest  break  and  leak  rates  per  length  of  pipe 
at  roughly  0.19  leaks/mile  (1  leak  every  5.2  miles)  or  0.26  breaks/mile  (roughly  1  break 
every  3.8  miles).  In  addition,  local  and  regional  damage  to  natural  gas  lines  can  be 
combined  for  a  total  state  damage  estimate  of  approximately  12,950  leaks  and  18,000 
breaks  over  the  combined  length  of  70,400  miles  of  natural  gas  pipeline. 

Potable  water  service  is  cut  off  for  over  146,000  residences  the  day  after  the  scenario 
earthquake.  This  is  reduced  to  roughly  80,000  residences  within  a  week  and  nearly 
38,000  customers  are  still  without  service  after  three  months.  Additionally,  all  service 
interruptions  occur  in  the  46  critical  counties.  These  estimates  are  calculated  from  a 
formula  that  uses  the  damage  to  the  distribution  system  to  determine  the  repair  rate. 
Additional  information  on  this  fonnula  is  available  in  the  HAZUS-MH  MR2  Technical 
Manual  that  accompanies  the  program.  This  period  of  time  without  water  prevents 
thousands  of  people  from  remaining  in  their  homes  in  the  weeks  and  months  following 
the  earthquake.  Electric  power  service  shows  similar  trends,  with  over  100,000  service 
outages  the  day  after  the  earthquake,  or  nearly  5%  of  all  state  residences  without  power. 
Even  a  month  after  the  earthquake  nearly  13,000  residences  are  still  without  power.  All 
electric  power  lines  are  presumed  to  be  above  ground  and  less  likely  to  incur  damage 
from  moderate  ground  shaking  unlike  buried  pipelines  that  are  vulnerable  to  damage 
from  liquefaction  and  ground  deformation. 


Table  254:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

165,831 

15,052 

20,409 

Waste  Water  -  Local 

99,499 

11,905 

16,142 

Natural  Gas  -  Regional 

4,087 

223 

754 

Natural  Gas  -  Local 

66,312 

12,726 

17,255 

Oil  -  Regional 

6,413 

60 

163 

Table  255:  Utility  Service  Interruptions 


Utilit 

y  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

Electric  Power 

2,194,594 

146,368 

100,141 

115,391 

70,720 

79,848 

39,499 

77,818 

12,955 

38,426 

121 

381 


The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  levels  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 

Some  of  the  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  fonnat  employed  to  generate  the  HAZUS- 
MH  MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage 
state  likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods 
for  all  facilities  of  a  given  type  in  a  specific  county.  The  damage  estimates  shown 
previously  for  corresponding  infrastructure  types  are  based  on  a  different  set  of  criteria  as 
discussed  in  footnote  (9)  and  employed  in  the  preceding  damage  tables  for  this  scenario. 
Both  methods  are  employed  in  HAZUS-MH  MR2  and  are  valid  estimation 
methodologies,  though  they  generate  different  estimations  of  county  damage  for  a 
specific  facility  type.  Consider  the  following  comparison: 

•  Jefferson  County,  Missouri  -  91  waste  water  facilities 
o  Estimation  procedure  according  to  footnote  9: 

■  Summation  of  individual  facilities  after  that  facility  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  0  at  least  moderately  damaged 
waste  water  facilities 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  waste  water  facilities  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  facilities  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
facilities  in  the  county  provides  an  estimate  of  11  at  least 
moderately  damaged  waste  water  facilities 

In  the  case  of  Jefferson  County,  Missouri,  the  topic  damage  tables  in  this  appendix 
provide  a  higher  estimate  of  damage  as  opposed  to  the  facility-by-facility  damage 
summation  detailed  in  footnote  (9).  Though  not  illustrated  here,  other  counties  in 
Missouri  are  estimated  to  incur  less  damage  when  this  averaging  estimation  procedure  is 
used.  Comparing  the  total  number  of  at  least  moderately  damaged  waste  water  facilities 
for  the  46  critical  counties  in  Missouri  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  108  at  least  moderately  damaged  waste  water  facilities 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  88  at  least  moderately  damaged  waste  water  facilities 
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Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  more  damage.  Other  infrastructure  categories  may  or  may  not  follow 
this  trend  thus  requiring  an  investigation  of  each  infrastructure  type  separately.  This  is  not 
undertaken  here,  though  it  can  be  done  with  the  information  provided  in  this  appendix. 

The  following  tables  provide  damage  and  functionality  estimates  for  the  NMSZ  scenario 
critical  counties  in  Missouri.  There  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  four  damage  levels  for  a  county. 
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Table  256:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Audrain 

Single  Family 

7,077 

77 

6 

0 

0 

7,160 

Other  Residential 

1,056 

90 

11 

0 

0 

1,157 

Commercial 

65 

2 

0 

0 

0 

67 

Industrial 

17 

0 

0 

0 

0 

17 

Other 

18 

1 

0 

0 

0 

19 

Bollinger 

Single  Family 

1,385 

972 

427 

165 

227 

3,176 

Other  Residential 

191 

200 

287 

291 

239 

1,208 

Commercial 

6 

4 

4 

2 

1 

17 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

2 

1 

2 

1 

0 

6 

Boone 

Single  Family 

28,969 

317 

26 

0 

0 

29,312 

Other  Residential 

8,202 

504 

61 

0 

0 

8,767 

Commercial 

582 

15 

2 

0 

0 

599 

Industrial 

46 

1 

0 

0 

0 

47 

Other 

75 

2 

0 

0 

0 

77 

Butler 

Single  Family 

952 

3,811 

2,412 

492 

2,951 

10,618 

Other  Residential 

35 

135 

147 

507 

2,101 

2,925 

Commercial 

0 

0 

7 

38 

159 

204 

Industrial 

0 

0 

0 

3 

20 

23 

Other 

0 

2 

2 

4 

26 

34 

Callaway 

Single  Family 

9,316 

102 

8 

0 

0 

9,426 

Other  Residential 

3,465 

332 

41 

0 

0 

3,838 

Commercial 

57 

1 

0 

0 

0 

58 

Industrial 

4 

0 

0 

0 

0 

4 

Other 

9 

0 

0 

0 

0 

9 

Cape  Girardeau 

Single  Family 

8,056 

5,565 

2,142 

906 

887 

17,556 

Other  Residential 

771 

812 

942 

729 

271 

3,525 

Commercial 

24 

50 

118 

84 

35 

311 

Industrial 

2 

3 

9 

9 

4 

27 

Other 

7 

5 

8 

6 

2 

28 

Carter 

Single  Family 

974 

387 

133 

50 

37 

1,581 

Other  Residential 

102 

129 

252 

224 

56 

763 

Commercial 

8 

4 

3 

2 

1 

18 

Industrial 

2 

1 

1 

0 

0 

4 

Other 

3 

1 

1 

0 

0 

5 
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Cole 

Single  Family 

17,752 

194 

16 

0 

0 

17,962 

Other  Residential 

2,630 

140 

17 

0 

0 

2,787 

Commercial 

264 

7 

1 

0 

0 

272 

Industrial 

22 

1 

0 

0 

0 

23 

Other 

186 

5 

1 

0 

0 

192 

Crawford 

Single  Family 

6,392 

70 

6 

0 

0 

6,468 

Other  Residential 

1,757 

180 

22 

0 

0 

1,959 

Commercial 

53 

1 

0 

0 

0 

54 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

6 

0 

0 

0 

0 

6 

Dent 

Single  Family 

3,785 

41 

3 

0 

0 

3,829 

Other  Residential 

1,337 

131 

16 

0 

0 

1,484 

Commercial 

45 

1 

0 

0 

0 

46 

Industrial 

8 

0 

0 

0 

0 

8 

Other 

12 

0 

0 

0 

0 

12 

Douglas 

Single  Family 

3,344 

37 

3 

0 

0 

3,384 

Other  Residential 

1,070 

109 

13 

0 

0 

1,192 

Commercial 

24 

1 

0 

0 

0 

25 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

2 

0 

0 

0 

0 

2 

Dunklin 

Single  Family 

124 

782 

1,630 

1,292 

4,677 

8,505 

Other  Residential 

2 

13 

58 

123 

1,737 

1,933 

Commercial 

0 

0 

0 

1 

73 

74 

Industrial 

0 

0 

0 

0 

9 

9 

Other 

0 

0 

0 

0 

7 

7 

Franklin 

Single  Family 

24,800 

271 

22 

0 

0 

25,093 

Other  Residential 

5,489 

521 

64 

0 

0 

6,074 

Commercial 

231 

6 

1 

0 

0 

238 

Industrial 

63 

2 

0 

0 

0 

65 

Other 

28 

1 

0 

0 

0 

29 

Gasconade 

Single  Family 

4,596 

50 

4 

0 

0 

4,650 

Other  Residential 

1,229 

121 

15 

0 

0 

1,365 

Commercial 

32 

1 

0 

0 

0 

33 

Industrial 

12 

0 

0 

0 

0 

12 

Other 

7 

0 

0 

0 

0 

7 

Howell 

Single  Family 

8,520 

93 

8 

0 

0 

8,621 

Other  Residential 

3,058 

304 

38 

0 

0 

3,400 

Commercial 

112 

3 

0 

0 

0 

115 

Industrial 

11 

0 

0 

0 

0 

11 

Other 

11 

0 

0 

0 

0 

11 
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Iron 

Single  Family 

2,290 

393 

73 

4 

0 

2,760 

Other  Residential 

437 

369 

211 

5 

0 

1,022 

Commercial 

13 

6 

2 

0 

0 

21 

Industrial 

3 

1 

1 

0 

0 

5 

Other 

5 

2 

1 

0 

0 

8 

Jefferson 

Single  Family 

44,179 

4,922 

899 

46 

124 

50,170 

Other  Residential 

9,447 

2,807 

1,274 

29 

62 

13,619 

Commercial 

297 

83 

33 

2 

1 

416 

Industrial 

45 

8 

4 

0 

0 

57 

Other 

36 

8 

3 

0 

0 

47 

Lincoln 

Single  Family 

9,452 

103 

8 

0 

0 

9,563 

Other  Residential 

3,483 

356 

44 

0 

0 

3,883 

Commercial 

55 

1 

0 

0 

0 

56 

Industrial 

5 

0 

0 

0 

0 

5 

Other 

3 

0 

0 

0 

0 

3 

Madison 

Single  Family 

2,564 

498 

92 

5 

37 

3,196 

Other  Residential 

444 

358 

204 

5 

12 

1,023 

Commercial 

19 

8 

3 

0 

0 

30 

Industrial 

6 

3 

1 

0 

0 

10 

Other 

5 

2 

1 

0 

0 

8 

Maries 

Single  Family 

2,321 

25 

2 

0 

0 

2,348 

Other  Residential 

844 

85 

11 

0 

0 

940 

Commercial 

15 

0 

0 

0 

0 

15 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

6 

0 

0 

0 

0 

6 

Miller 

Single  Family 

6,238 

68 

5 

0 

0 

6,311 

Other  Residential 

1,877 

185 

23 

0 

0 

2,085 

Commercial 

54 

1 

0 

0 

0 

55 

Industrial 

9 

0 

0 

0 

0 

9 

Other 

8 

0 

0 

0 

0 

8 

Mississippi 

Single  Family 

310 

1,191 

874 

224 

925 

3,524 

Other  Residential 

18 

86 

187 

171 

192 

654 

Commercial 

0 

2 

7 

5 

7 

21 

Industrial 

0 

0 

1 

1 

1 

3 

Other 

0 

1 

2 

2 

2 

7 

Montgomery 

Single  Family 

3,684 

40 

3 

0 

0 

3,727 

Other  Residential 

851 

86 

11 

0 

0 

948 

Commercial 

31 

1 

0 

0 

0 

32 

Industrial 

7 

0 

0 

0 

0 

7 

Other 

9 

0 

0 

0 

0 

9 
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New  Madrid 

Single  Family 

26 

424 

1,226 

854 

2,154 

4,684 

Other  Residential 

2 

31 

161 

295 

1,040 

1,529 

Commercial 

0 

0 

4 

10 

33 

47 

Industrial 

0 

0 

0 

1 

4 

5 

Other 

0 

0 

0 

1 

7 

8 

Oregon 

Single  Family 

2,311 

255 

46 

4 

13 

2,629 

Other  Residential 

607 

284 

150 

4 

6 

1,051 

Commercial 

22 

3 

1 

0 

0 

26 

Industrial 

3 

0 

0 

0 

0 

3 

Other 

7 

1 

0 

0 

0 

8 

Osage 

Single  Family 

3,962 

43 

3 

0 

0 

4,008 

Other  Residential 

637 

63 

8 

0 

0 

708 

Commercial 

20 

1 

0 

0 

0 

21 

Industrial 

30 

1 

0 

0 

0 

31 

Other 

12 

0 

0 

0 

0 

12 

Ozark 

Single  Family 

2,803 

31 

2 

0 

0 

2,836 

Other  Residential 

1,147 

121 

15 

0 

0 

1,283 

Commercial 

18 

0 

0 

0 

0 

18 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

5 

0 

0 

0 

0 

5 

Pemiscot 

Single  Family 

21 

352 

1,259 

938 

2,214 

4,784 

Other  Residential 

0 

9 

59 

128 

1,007 

1,203 

Commercial 

0 

0 

1 

4 

37 

42 

Industrial 

0 

0 

0 

0 

3 

3 

Other 

0 

0 

1 

3 

39 

43 

Perry 

Single  Family 

4,122 

784 

145 

12 

33 

5,096 

Other  Residential 

479 

376 

213 

6 

6 

1,080 

Commercial 

46 

20 

8 

1 

1 

76 

Industrial 

10 

5 

2 

0 

0 

17 

Other 

13 

5 

2 

0 

0 

20 

Phelps 

Single  Family 

9,106 

100 

8 

0 

0 

9,214 

Other  Residential 

2,887 

254 

31 

0 

0 

3,172 

Commercial 

109 

3 

0 

0 

0 

112 

Industrial 

5 

0 

0 

0 

0 

5 

Other 

23 

1 

0 

0 

0 

24 

Pike 

Single  Family 

4,424 

48 

4 

0 

0 

4,476 

Other  Residential 

1,076 

107 

13 

0 

0 

1,196 

Commercial 

64 

2 

0 

0 

0 

66 

Industrial 

2 

0 

0 

0 

0 

2 

Other 

14 

0 

0 

0 

0 

14 

387 


Pulaski 

Single  Family 

7,902 

86 

7 

0 

0 

7,995 

Other  Residential 

3,063 

267 

33 

0 

0 

3,363 

Commercial 

111 

3 

0 

0 

0 

114 

Industrial 

6 

0 

0 

0 

0 

6 

Other 

34 

1 

0 

0 

0 

35 

Reynolds 

Single  Family 

1,823 

313 

59 

5 

20 

2,220 

Other  Residential 

294 

257 

148 

4 

6 

709 

Commercial 

7 

3 

1 

0 

0 

11 

Industrial 

3 

2 

1 

0 

0 

6 

Other 

3 

1 

0 

0 

0 

4 

Ripley 

Single  Family 

483 

1,200 

956 

317 

309 

3,265 

Other  Residential 

9 

78 

421 

636 

497 

1,641 

Commercial 

1 

3 

11 

9 

6 

30 

Industrial 

0 

1 

3 

5 

4 

13 

Other 

0 

1 

1 

1 

1 

4 

Saint  Charles 

Single  Family 

76,484 

836 

67 

1 

0 

77,388 

Other  Residential 

6,599 

524 

64 

0 

0 

7,187 

Commercial 

762 

19 

2 

0 

0 

783 

Industrial 

94 

3 

0 

0 

0 

97 

Other 

97 

3 

0 

0 

0 

100 

Saint  Francois 

Single  Family 

11,667 

1,388 

255 

13 

0 

13,323 

Other  Residential 

2,305 

1,010 

516 

12 

0 

3,843 

Commercial 

100 

36 

14 

1 

0 

151 

Industrial 

9 

3 

2 

0 

0 

14 

Other 

9 

3 

1 

0 

0 

13 

Saint  Louis  City 

Single  Family 

47,742 

8,032 

1,498 

78 

2,350 

59,700 

Other  Residential 

19,113 

3,372 

696 

35 

1,821 

25,037 

Commercial 

910 

386 

159 

12 

157 

1,624 

Industrial 

138 

63 

34 

3 

21 

259 

Other 

310 

63 

23 

1 

13 

410 

Saint  Louis 

Single  Family 

269,941 

20,609 

3,660 

184 

344 

294,738 

Other  Residential 

10,908 

1,163 

273 

12 

37 

12,393 

Commercial 

3,963 

626 

235 

16 

4 

4,844 

Industrial 

663 

85 

40 

3 

2 

793 

Other 

147 

41 

15 

1 

9 

213 

Sainte  Genevieve 

Single  Family 

4,183 

717 

134 

7 

0 

5,041 

Other  Residential 

565 

481 

276 

7 

0 

1,329 

Commercial 

29 

12 

5 

0 

0 

46 

Industrial 

10 

5 

3 

0 

0 

18 

Other 

3 

1 

0 

0 

0 

4 

388 


Scott 

Single  Family 

1,593 

3,205 

2,111 

805 

2,483 

10,197 

Other  Residential 

49 

192 

557 

757 

1,010 

2,565 

Commercial 

1 

5 

22 

32 

56 

116 

Industrial 

0 

1 

3 

5 

7 

16 

Other 

0 

2 

3 

5 

10 

20 

Shannon 

Single  Family 

1,667 

286 

53 

3 

0 

2,009 

Other  Residential 

298 

261 

151 

4 

0 

714 

Commercial 

6 

3 

1 

0 

0 

10 

Industrial 

1 

1 

0 

0 

0 

2 

Other 

2 

1 

0 

0 

0 

3 

Stoddard 

Single  Family 

95 

615 

1,910 

1,632 

3,790 

8,042 

Other  Residential 

1 

6 

69 

207 

1,490 

1,773 

Commercial 

0 

0 

1 

5 

79 

85 

Industrial 

0 

0 

0 

0 

5 

5 

Other 

0 

0 

0 

0 

2 

2 

Texas 

Single  Family 

5,488 

60 

5 

0 

0 

5,553 

Other  Residential 

2,123 

214 

26 

0 

0 

2,363 

Commercial 

57 

1 

0 

0 

0 

58 

Industrial 

14 

0 

0 

0 

0 

14 

Other 

17 

0 

0 

0 

0 

17 

Warren 

Single  Family 

7,136 

78 

6 

0 

0 

7,220 

Other  Residential 

1,902 

193 

24 

0 

0 

2,119 

Commercial 

44 

1 

0 

0 

0 

45 

Industrial 

7 

0 

0 

0 

0 

7 

Other 

12 

0 

0 

0 

0 

12 

Washington 

Single  Family 

3,834 

383 

69 

4 

0 

4,290 

Other  Residential 

2,364 

750 

350 

8 

0 

3,472 

Commercial 

18 

6 

2 

0 

0 

26 

Industrial 

3 

1 

1 

0 

0 

5 

Other 

13 

3 

1 

0 

0 

17 

Wayne 

Single  Family 

1,014 

1,247 

782 

228 

284 

3,555 

Other  Residential 

239 

280 

576 

704 

587 

2,386 

Commercial 

11 

6 

5 

3 

3 

28 

Industrial 

2 

1 

1 

1 

0 

5 

Other 

2 

2 

1 

1 

2 

8 
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Table  257:  Hospital  Functionality 


Total 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Counties 

#  of 
Beds 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

Audrain 

201 

194 

96.5 

194 

96.5 

200 

99.5 

201 

100.0 

201 

100.0 

Bollinger 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Boone 

1,227 

1,183 

96.4 

1,184 

96.5 

1,218 

99.3 

1,226 

99.9 

1,226 

99.9 

Butler 

483 

23 

4.8 

26 

5.4 

116 

24.0 

372 

77.0 

403 

83.4 

Callaway 

Cape 

557 

537 

96.4 

538 

96.6 

553 

99.3 

556 

99.8 

556 

99.8 

Girardeau 

545 

185 

33.9 

190 

34.9 

379 

69.5 

528 

96.9 

531 

97.4 

Carter 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Cole 

302 

291 

96.4 

291 

96.4 

300 

99.3 

302 

100.0 

302 

100.0 

Crawford 

75 

72 

96.0 

72 

96.0 

74 

98.7 

75 

100.0 

75 

100.0 

Dent 

59 

57 

96.6 

57 

96.6 

59 

100.0 

59 

100.0 

59 

100.0 

Douglas 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Dunklin 

118 

0 

0.0 

0 

0.0 

0 

0.0 

1 

0.8 

14 

11.9 

Franklin 

187 

180 

96.3 

180 

96.3 

186 

99.5 

187 

100.0 

187 

100.0 

Gasconade 

44 

42 

95.5 

42 

95.5 

44 

100.0 

44 

100.0 

44 

100.0 

Howell 

162 

156 

96.3 

156 

96.3 

161 

99.4 

162 

100.0 

162 

100.0 

Iron 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Jefferson 

236 

113 

47.9 

114 

48.3 

174 

73.7 

230 

97.5 

233 

98.7 

Lincoln 

72 

69 

95.8 

69 

95.8 

71 

98.6 

72 

100.0 

72 

100.0 

Madison 

159 

131 

82.4 

131 

82.4 

153 

96.2 

159 

100.0 

159 

100.0 

Maries 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Miller 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Mississippi 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Montgomery 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

New  Madrid 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Oregon 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Osage 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Ozark 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Pemiscot 

209 

0 

0.0 

0 

0.0 

0 

0.0 

6 

2.9 

42 

20.1 

Perry 

64 

30 

46.9 

31 

48.4 

47 

73.4 

62 

96.9 

63 

98.4 

Phelps 

240 

231 

96.3 

232 

96.7 

238 

99.2 

240 

100.0 

240 

100.0 

Pike 

45 

43 

95.6 

43 

95.6 

45 

100.0 

45 

100.0 

45 

100.0 

Pulaski 

75 

72 

96.0 

72 

96.0 

74 

98.7 

75 

100.0 

75 

100.0 

Reynolds 

159 

75 

47.2 

76 

47.8 

116 

73.0 

154 

96.9 

156 

98.1 

Ripley 

Saint 

30 

3 

10.0 

3 

10.0 

11 

36.7 

26 

86.7 

27 

90.0 

Charles 

Sainte 

743 

716 

96.4 

717 

96.5 

738 

99.3 

742 

99.9 

742 

99.9 

Genevieve 

Saint 

47 

22 

46.8 

23 

48.9 

35 

74.5 

46 

97.9 

46 

97.9 

Francois 

Saint  Louis 
County  & 
Saint  Louis 

464 

297 

64.0 

299 

64.4 

381 

82.1 

456 

98.3 

460 

99.1 

City 

8,176 

5,062 

61.9 

5,095 

62.3 

6,479 

79.2 

7,734 

94.6 

7,795 

95.3 

Scott 

188 

8 

4.3 

8 

4.3 

38 

20.2 

121 

64.4 

130 

69.1 

Shannon 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 
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Stoddard 

50 

0 

0.0 

0 

0.0 

0 

0.0 

2 

4.0 

13 

26.0 

Texas 

66 

64 

97.0 

64 

97.0 

66 

100.0 

66 

100.0 

66 

100.0 

Warren 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Washington 

40 

19 

47.5 

19 

47.5 

29 

72.5 

39 

97.5 

40 

100.0 

Wayne 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

391 


Table  258:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Audrain 

4 

94.10 

Bollinger 

2 

7.00 

Boone 

8 

94.10 

Butler 

3 

0.00 

Callaway 

5 

94.10 

Cape  Girardeau 

5 

29.08 

Carter 

2 

51.40 

Cole 

8 

94.10 

Crawford 

5 

94.10 

Dent 

2 

94.10 

Douglas 

2 

94.10 

Dunklin 

10 

0.00 

Franklin 

7 

94.10 

Gasconade 

4 

94.10 

Howell 

5 

94.10 

Iron 

3 

51.90 

Jefferson 

14 

57.93 

Lincoln 

7 

94.10 

Madison 

2 

69.80 

Maries 

3 

94.10 

Miller 

4 

94.10 

Mississippi 

4 

2.28 

Montgomery 

7 

94.10 

New  Madrid 

11 

0.00 

Oregon 

3 

65.63 

Osage 

2 

94.10 

Ozark 

2 

94.10 

Pemiscot 

8 

0.00 

Perry 

2 

51.40 

Phelps 

6 

94.10 

Pike 

4 

94.10 

Pulaski 

7 

94.10 

Reynolds 

2 

51.40 

Ripley 

2 

2.90 

Saint  Charles 

9 

94.10 

Saint  Francois 

11 

63.41 

Sainte  Genevieve 

3 

49.63 

Saint  Louis  City 

7 

48.01 

Saint  Louis 

95 

67.82 

Scott 

8 

2.28 

Shannon 

4 

51.90 

Stoddard 

8 

0.00 

Texas 

5 

94.10 

Warren 

5 

94.10 

Washington 

3 

51.90 

Wayne 

3 

23.70 
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Table  259:  School  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Audrain 

15 

94.10 

Bollinger 

8 

19.25 

Boone 

57 

94.10 

Butler 

20 

0.00 

Callaway 

23 

94.10 

Cape  Girardeau 

37 

24.13 

Carter 

6 

26.15 

Cole 

34 

94.10 

Crawford 

13 

94.10 

Dent 

9 

94.10 

Douglas 

3 

94.10 

Dunklin 

21 

0.00 

Franklin 

58 

94.10 

Gasconade 

11 

94.10 

Howell 

19 

94.10 

Iron 

9 

51.90 

Jefferson 

71 

64.38 

Lincoln 

20 

94.10 

Madison 

5 

68.90 

Maries 

5 

94.10 

Miller 

14 

94.10 

Mississippi 

10 

2.26 

Montgomery 

8 

94.10 

New  Madrid 

15 

0.00 

Oregon 

8 

60.33 

Osage 

11 

94.10 

Ozark 

4 

94.10 

Pemiscot 

19 

0.00 

Perry 

10 

51.45 

Phelps 

21 

94.10 

Pike 

13 

94.10 

Pulaski 

23 

94.10 

Reynolds 

8 

51.53 

Ripley 

10 

2.76 

Saint  Charles 

98 

94.10 

Saint  Francois 

27 

58.12 

Sainte  Genevieve 

9 

51.14 

Saint  Louis  City 

159 

47.97 

Saint  Louis 

421 

72.95 

Scott 

31 

2.19 

Shannon 

4 

51.90 

Stoddard 

20 

0.00 

Texas 

14 

94.10 

Warren 

11 

94.10 

Washington 

14 

69.99 

Wayne 

7 

38.54 
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Table  260:  Fire  Station  Functionality 


Counties 

Count 

Functionality  at  Day  1  (%) 

Audrain 

7 

94.10 

Bollinger 

10 

27.30 

Boone 

27 

94.10 

Butler 

19 

0.00 

Callaway 

19 

94.10 

Cape  Girardeau 

18 

30.06 

Carter 

7 

22.51 

Cole 

19 

94.10 

Crawford 

10 

94.10 

Dent 

5 

94.10 

Douglas 

9 

94.10 

Dunklin 

12 

0.00 

Franklin 

26 

94.10 

Gasconade 

11 

94.10 

Howell 

18 

94.10 

Iron 

7 

51.90 

Jefferson 

32 

69.04 

Lincoln 

10 

94.10 

Madison 

3 

68.30 

Maries 

5 

94.10 

Miller 

19 

94.10 

Mississippi 

5 

2.28 

Montgomery 

8 

94.10 

New  Madrid 

10 

0.00 

Oregon 

8 

65.61 

Osage 

7 

94.10 

Ozark 

14 

94.10 

Pemiscot 

5 

0.00 

Perry 

6 

50.60 

Phelps 

9 

94.10 

Pike 

8 

94.10 

Pulaski 

12 

94.10 

Reynolds 

7 

51.47 

Ripley 

12 

3.73 

Saint  Charles 

33 

94.10 

Saint  Francois 

16 

67.73 

Sainte  Genevieve 

9 

51.14 

Saint  Louis 

85 

75.01 

Saint  Louis  City 

27 

48.63 

Scott 

14 

1.26 

Shannon 

5 

51.90 

Stoddard 

9 

0.00 

Texas 

12 

94.10 

Warren 

10 

94.10 

Washington 

11 

74.92 

Wayne 

12 

17.57 
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Table  261:  Communication  Facility  Functionality 


Counties 

#  of 

Facilities 

At  Day  1 

(%) 

At  Day  3 
(%) 

At  Day  7 
(%) 

At  Day  30 
(%) 

At  Day  90 
(%) 

Audrain 

208 

99.80 

99.90 

99.90 

99.90 

99.90 

Bollinger 

81 

62.33 

83.83 

88.57 

97.87 

99.59 

Boone 

499 

99.80 

99.90 

99.90 

99.90 

99.90 

Butler 

189 

42.34 

62.62 

70.66 

89.57 

98.11 

Callaway 

231 

99.75 

99.90 

99.90 

99.90 

99.90 

Cape  Girardeau 

325 

66.04 

86.11 

90.03 

97.66 

99.55 

Carter 

40 

76.75 

93.04 

95.40 

99.38 

99.88 

Cole 

284 

99.78 

99.90 

99.90 

99.90 

99.90 

Crawford 

121 

93.20 

98.90 

99.40 

99.90 

99.90 

Dent 

63 

93.20 

98.90 

99.40 

99.90 

99.90 

Douglas 

48 

99.80 

99.90 

99.90 

99.90 

99.90 

Dunklin 

160 

25.87 

37.51 

46.56 

72.65 

95.12 

Franklin 

300 

96.44 

99.41 

99.66 

99.90 

99.90 

Gasconade 

94 

99.50 

99.90 

99.90 

99.90 

99.90 

Flowell 

171 

93.20 

98.90 

99.40 

99.90 

99.90 

Iron 

77 

82.82 

95.46 

97.09 

99.62 

99.90 

Jefferson 

541 

93.18 

98.88 

99.38 

99.89 

99.90 

Lincoln 

150 

99.80 

99.90 

99.90 

99.90 

99.90 

Madison 

61 

71.94 

90.24 

93.41 

99.04 

99.80 

Maries 

55 

99.50 

99.90 

99.90 

99.90 

99.90 

Miller 

128 

99.80 

99.90 

99.90 

99.90 

99.90 

Mississippi 

64 

56.33 

74.37 

78.54 

88.78 

97.96 

Montgomery 

131 

99.80 

99.90 

99.90 

99.90 

99.90 

New  Madrid 

161 

29.09 

42.43 

51.05 

75.38 

95.60 

Oregon 

55 

84.32 

95.96 

97.42 

99.66 

99.90 

Osage 

100 

99.50 

99.90 

99.90 

99.90 

99.90 

Ozark 

44 

99.80 

99.90 

99.90 

99.90 

99.90 

Pemiscot 

125 

25.40 

37.18 

46.48 

73.08 

95.22 

Perry 

111 

77.74 

93.19 

95.29 

98.87 

99.78 

Phelps 

172 

93.82 

99.00 

99.45 

99.90 

99.90 

Pike 

137 

99.80 

99.90 

99.90 

99.90 

99.90 

Pulaski 

136 

99.69 

99.90 

99.90 

99.90 

99.90 

Reynolds 

63 

78.40 

94.00 

96.10 

99.50 

99.90 

Ripley 

64 

54.48 

76.79 

82.98 

95.91 

99.23 

Saint  Charles 

566 

99.59 

99.90 

99.90 

99.90 

99.90 

Saint  Francois 
Sainte 

198 

87.59 

97.04 

98.15 

99.75 

99.90 

Genevieve 

107 

91.89 

98.43 

99.06 

99.81 

99.89 

Saint  Louis 

1,614 

95.34 

99.22 

99.55 

99.88 

99.90 

Saint  Louis  City 

755 

92.74 

98.40 

98.89 

99.47 

99.81 

Scott 

187 

54.64 

74.31 

79.38 

91.07 

98.38 

Shannon 

48 

93.20 

98.90 

99.40 

99.90 

99.90 

Stoddard 

162 

32.74 

48.84 

58.23 

82.37 

96.83 

Texas 

134 

93.20 

98.90 

99.40 

99.90 

99.90 

Warren 

125 

99.59 

99.90 

99.90 

99.90 

99.90 

Washington 

82 

93.20 

98.90 

99.40 

99.90 

99.90 

Wayne 

65 

53.15 

74.95 

81.58 

95.64 

99.16 
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Table  262:  Households  without  Potable  Water  Service 


Counties 

#  of 

Households 

At  day  1 

(%) 

At  day  3 

(%) 

At  day  7 

(%) 

At  day  30 

(%) 

At  day  90 

(%) 

Audrain 

9,844 

0.00 

0.00 

0.00 

0.00 

0.00 

Bollinger 

4,576 

22.68 

4.63 

0.00 

0.00 

0.00 

Boone 

53,094 

0.00 

0.00 

0.00 

0.00 

0.00 

Butler 

16,718 

98.79 

98.68 

98.44 

95.36 

0.00 

Callaway 

14,416 

0.00 

0.00 

0.00 

0.00 

0.00 

Cape  Girardeau 

26,980 

40.30 

28.74 

4.63 

0.00 

0.00 

Carter 

2,378 

0.00 

0.00 

0.00 

0.00 

0.00 

Cole 

27,040 

0.00 

0.00 

0.00 

0.00 

0.00 

Crawford 

8,858 

0.00 

0.00 

0.00 

0.00 

0.00 

Dent 

5,982 

0.00 

0.00 

0.00 

0.00 

0.00 

Douglas 

5,201 

0.00 

0.00 

0.00 

0.00 

0.00 

Dunklin 

13,411 

99.87 

99.86 

99.84 

99.66 

94.97 

Franklin 

34,945 

0.00 

0.00 

0.00 

0.00 

0.00 

Gasconade 

6,171 

0.00 

0.00 

0.00 

0.00 

0.00 

Howell 

14,762 

0.00 

0.00 

0.00 

0.00 

0.00 

Iron 

4,197 

0.00 

0.00 

0.00 

0.00 

0.00 

Jefferson 

71,499 

0.00 

0.00 

0.00 

0.00 

0.00 

Lincoln 

13,851 

0.00 

0.00 

0.00 

0.00 

0.00 

Madison 

4,711 

0.02 

0.00 

0.00 

0.00 

0.00 

Maries 

3,519 

0.00 

0.00 

0.00 

0.00 

0.00 

Miller 

9,284 

0.00 

0.00 

0.00 

0.00 

0.00 

Mississippi 

5,383 

99.83 

99.81 

99.76 

98.77 

0.00 

Montgomery 

4,775 

0.00 

0.00 

0.00 

0.00 

0.00 

New  Madrid 

7,824 

99.90 

99.88 

99.87 

99.72 

94.85 

Oregon 

4,263 

0.00 

0.00 

0.00 

0.00 

0.00 

Osage 

4,922 

0.00 

0.00 

0.00 

0.00 

0.00 

Ozark 

3,950 

0.00 

0.00 

0.00 

0.00 

0.00 

Pemiscot 

7,855 

99.86 

99.85 

99.82 

99.50 

58.93 

Perry 

6,904 

0.00 

0.00 

0.00 

0.00 

0.00 

Phelps 

15,683 

0.00 

0.00 

0.00 

0.00 

0.00 

Pike 

6,451 

0.00 

0.00 

0.00 

0.00 

0.00 

Pulaski 

13,433 

0.00 

0.00 

0.00 

0.00 

0.00 

Reynolds 

2,721 

0.00 

0.00 

0.00 

0.00 

0.00 

Ripley 

5,416 

15.27 

1.02 

0.00 

0.00 

0.00 

Saint  Charles 

101,663 

0.00 

0.00 

0.00 

0.00 

0.00 

Saint  Francois 

6,586 

0.00 

0.00 

0.00 

0.00 

0.00 

Sainte 

Genevieve 

20,793 

0.00 

0.00 

0.00 

0.00 

0.00 

Saint  Louis 

404,312 

0.00 

0.00 

0.00 

0.00 

0.00 

Saint  Louis  City 

147,076 

35.84 

18.51 

0.00 

0.00 

0.00 

Scott 

15,626 

99.85 

99.83 

99.81 

99.43 

11.15 

Shannon 

3,319 

0.00 

0.00 

0.00 

0.00 

0.00 

Stoddard 

12,064 

99.88 

99.88 

99.87 

99.78 

98.61 

Texas 

9,378 

0.00 

0.00 

0.00 

0.00 

0.00 

Warren 

9,185 

0.00 

0.00 

0.00 

0.00 

0.00 

Washington 

8,406 

0.00 

0.00 

0.00 

0.00 

0.00 

Wayne 

5,551 

41.97 

28.30 

1.50 

0.00 

0.00 

396 


Table  263:  Potable  Water  Facility  Damage 


Counties 

#  Facilities 

None 

Slight 

Moderate 

Extensive 

Complete 

Audrain 

40 

0.97 

0.03 

0.00 

0.00 

0.00 

Bollinger 

23 

0.08 

0.31 

0.41 

0.17 

0.04 

Boone 

137 

0.97 

0.03 

0.00 

0.00 

0.00 

Butler 

86 

0.02 

0.13 

0.36 

0.31 

0.18 

Callaway 

91 

0.95 

0.05 

0.00 

0.00 

0.00 

Cape  Girardeau 

119 

0.10 

0.34 

0.38 

0.13 

0.05 

Carter 

28 

0.15 

0.39 

0.35 

0.10 

0.01 

Cole 

92 

0.96 

0.04 

0.00 

0.00 

0.00 

Crawford 

87 

0.50 

0.38 

0.11 

0.01 

0.00 

Dent 

36 

0.50 

0.38 

0.11 

0.01 

0.00 

Douglas 

33 

0.97 

0.03 

0.00 

0.00 

0.00 

Dunklin 

63 

0.00 

0.03 

0.17 

0.34 

0.46 

Franklin 

212 

0.65 

0.27 

0.07 

0.01 

0.00 

Gasconade 

42 

0.90 

0.09 

0.01 

0.00 

0.00 

Howell 

81 

0.50 

0.38 

0.11 

0.01 

0.00 

Iron 

51 

0.30 

0.41 

0.24 

0.05 

0.00 

Jefferson 

277 

0.50 

0.38 

0.11 

0.01 

0.00 

Lincoln 

126 

0.97 

0.03 

0.00 

0.00 

0.00 

Madison 

33 

0.16 

0.39 

0.35 

0.10 

0.01 

Maries 

27 

0.90 

0.09 

0.01 

0.00 

0.00 

Miller 

116 

0.97 

0.03 

0.00 

0.00 

0.00 

Mississippi 

43 

0.06 

0.25 

0.35 

0.15 

0.19 

Montgomery 

49 

0.97 

0.03 

0.00 

0.00 

0.00 

New  Madrid 

78 

0.01 

0.06 

0.22 

0.31 

0.40 

Oregon 

28 

0.35 

0.40 

0.21 

0.04 

0.00 

Osage 

41 

0.90 

0.09 

0.01 

0.00 

0.00 

Ozark 

66 

0.97 

0.03 

0.00 

0.00 

0.00 

Pemiscot 

68 

0.00 

0.03 

0.17 

0.36 

0.45 

Perry 

40 

0.20 

0.42 

0.31 

0.07 

0.01 

Phelps 

94 

0.53 

0.35 

0.10 

0.01 

0.00 

Pike 

45 

0.97 

0.03 

0.00 

0.00 

0.00 

Pulaski 

88 

0.95 

0.05 

0.00 

0.00 

0.00 

Reynolds 

50 

0.20 

0.42 

0.31 

0.07 

0.01 

Ripley 

32 

0.08 

0.27 

0.39 

0.19 

0.08 

Saint  Charles 

140 

0.94 

0.05 

0.00 

0.00 

0.00 

Saint  Francois 
Sainte 

117 

0.38 

0.39 

0.19 

0.03 

0.00 

Genevieve 

54 

0.43 

0.38 

0.16 

0.02 

0.01 

Saint  Louis 

87 

0.67 

0.25 

0.07 

0.01 

0.00 

Saint  Louis  City 

2 

0.90 

0.09 

0.01 

0.00 

0.00 

Scott 

84 

0.05 

0.23 

0.36 

0.18 

0.18 

Shannon 

33 

0.50 

0.38 

0.11 

0.01 

0.00 

Stoddard 

90 

0.00 

0.05 

0.22 

0.37 

0.36 

Texas 

62 

0.50 

0.38 

0.11 

0.01 

0.00 

Warren 

72 

0.92 

0.07 

0.01 

0.00 

0.00 

Washington 

73 

0.50 

0.38 

0.11 

0.01 

0.00 

Wayne 

77 

0.04 

0.23 

0.42 

0.25 

0.07 

397 


Table  264:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Audrain 

1,468 

8 

2 

Bollinger 

1,072 

103 

116 

Boone 

2,080 

11 

3 

Butler 

1,717 

847 

1,905 

Callaway 

1,866 

10 

3 

Cape  Girardeau 

1,628 

379 

238 

Carter 

812 

11 

26 

Cole 

1,217 

7 

2 

Crawford 

1,732 

9 

2 

Dent 

1,412 

8 

2 

Douglas 

1,574 

9 

2 

Dunklin 

1,543 

1,383 

3,254 

Franklin 

2,927 

16 

4 

Gasconade 

1,107 

6 

2 

Howell 

2,116 

12 

3 

Iron 

832 

5 

1 

Jefferson 

2,821 

17 

12 

Lincoln 

1,586 

9 

2 

Madison 

789 

12 

30 

Maries 

967 

5 

1 

Miller 

1,471 

8 

2 

Mississippi 

821 

929 

1,647 

Montgomery 

1,187 

6 

2 

New  Madrid 

1,394 

2,078 

3,149 

Oregon 

1,308 

10 

12 

Osage 

1,090 

6 

1 

Ozark 

1,465 

8 

2 

Pemiscot 

1,195 

923 

2,483 

Perry 

1,111 

20 

12 

Phelps 

1,661 

9 

2 

Pike 

1,231 

7 

2 

Pulaski 

1,426 

8 

2 

Reynolds 

1,239 

10 

14 

Ripley 

1,112 

75 

100 

Saint  Charles 

2,372 

13 

3 

Saint  Francois 

1,468 

8 

2 

Sainte  Genevieve 

1,022 

6 

1 

Saint  Louis 

4,989 

30 

19 

Saint  Louis  City 

1,160 

46 

162 

Scott 

1,123 

2,908 

2,314 

Shannon 

1,637 

9 

2 

Stoddard 

1,922 

3,417 

4,260 

Texas 

2,389 

13 

3 

Warren 

1,116 

6 

2 

Washington 

1,632 

9 

2 

Wayne 

1,362 

72 

210 

398 


Table  265:  Households  without  Electric  Service 


Counties 

#  of 

Households 

At  Day  1 

(%) 

At  Day  3 
(%) 

At  Day  7 
(%) 

At  Day  30 
(%) 

At  Day  90 
(%) 

Audrain 

9,844 

0.00 

0.00 

0.00 

0.00 

0.00 

Bollinger 

4,576 

72.95 

39.27 

12.08 

1.75 

0.11 

Boone 

53,094 

0.00 

0.00 

0.00 

0.00 

0.00 

Butler 

16,718 

86.54 

62.17 

31.94 

8.63 

0.10 

Callaway 

14,416 

0.00 

0.00 

0.00 

0.00 

0.00 

Cape  Girardeau 

26,980 

65.41 

33.59 

9.76 

1.50 

0.09 

Carter 

2,378 

40.79 

20.77 

5.80 

0.76 

0.04 

Cole 

27,040 

0.00 

0.00 

0.00 

0.00 

0.00 

Crawford 

8,858 

0.00 

0.00 

0.00 

0.00 

0.00 

Dent 

5,982 

0.00 

0.00 

0.00 

0.00 

0.00 

Douglas 

5,201 

0.00 

0.00 

0.00 

0.00 

0.00 

Dunklin 

13,411 

94.16 

82.72 

60.70 

23.32 

0.10 

Franklin 

34,945 

0.00 

0.00 

0.00 

0.00 

0.00 

Gasconade 

6,171 

0.00 

0.00 

0.00 

0.00 

0.00 

Howell 

14,762 

0.00 

0.00 

0.00 

0.00 

0.00 

Iron 

4,197 

0.00 

0.00 

0.00 

0.00 

0.00 

Jefferson 

71,499 

0.00 

0.00 

0.00 

0.00 

0.00 

Lincoln 

13,851 

0.00 

0.00 

0.00 

0.00 

0.00 

Madison 

4,711 

21.21 

10.80 

3.01 

0.38 

0.02 

Maries 

3,519 

0.00 

0.00 

0.00 

0.00 

0.00 

Miller 

9,284 

0.00 

0.00 

0.00 

0.00 

0.00 

Mississippi 

5,383 

77.30 

49.21 

25.82 

9.77 

0.09 

Montgomery 

4,775 

0.00 

0.00 

0.00 

0.00 

0.00 

New  Madrid 

7,824 

91.95 

76.69 

52.72 

19.75 

0.10 

Oregon 

4,263 

0.00 

0.00 

0.00 

0.00 

0.00 

Osage 

4,922 

0.00 

0.00 

0.00 

0.00 

0.00 

Ozark 

3,950 

0.00 

0.00 

0.00 

0.00 

0.00 

Pemiscot 

7,855 

94.25 

82.39 

59.20 

22.00 

0.10 

Perry 

6,904 

0.00 

0.00 

0.00 

0.00 

0.00 

Phelps 

15,683 

0.00 

0.00 

0.00 

0.00 

0.00 

Pike 

6,451 

0.00 

0.00 

0.00 

0.00 

0.00 

Pulaski 

13,433 

0.00 

0.00 

0.00 

0.00 

0.00 

Reynolds 

2,721 

0.00 

0.00 

0.00 

0.00 

0.00 

Ripley 

5,416 

62.85 

38.52 

14.27 

2.44 

0.07 

Saint  Charles 

101,663 

0.00 

0.00 

0.00 

0.00 

0.00 

Saint  Francois 

6,586 

0.00 

0.00 

0.00 

0.00 

0.00 

Sainte  Genevieve 

20,793 

0.00 

0.00 

0.00 

0.00 

0.00 

Saint  Louis 

404,312 

0.00 

0.00 

0.00 

0.00 

0.00 

Saint  Louis  City 

147,076 

0.00 

0.00 

0.00 

0.00 

0.00 

Scott 

15,626 

78.90 

50.65 

25.07 

8.40 

0.10 

Shannon 

3,319 

0.00 

0.00 

0.00 

0.00 

0.00 

Stoddard 

12,064 

92.66 

78.71 

54.79 

20.04 

0.10 

Texas 

9,378 

0.00 

0.00 

0.00 

0.00 

0.00 

Warren 

9,185 

0.00 

0.00 

0.00 

0.00 

0.00 

Washington 

8,406 

0.00 

0.00 

0.00 

0.00 

0.00 

Wayne 

5,551 

79.64 

49.58 

19.62 

3.68 

0.11 

399 


Table  266:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

Slight 

Moderate 

Extensive 

Complete 

Audrain 

12 

0.97 

0.03 

0.00 

0.00 

0.00 

Bollinger 

1 

0.09 

0.33 

0.41 

0.15 

0.02 

Boone 

71 

0.97 

0.03 

0.00 

0.00 

0.00 

Butler 

9 

0.02 

0.15 

0.36 

0.29 

0.18 

Callaway 

37 

0.94 

0.06 

0.00 

0.00 

0.00 

Cape  Girardeau 

19 

0.11 

0.35 

0.38 

0.12 

0.04 

Carter 

3 

0.12 

0.36 

0.38 

0.12 

0.02 

Cole 

23 

0.95 

0.04 

0.00 

0.00 

0.00 

Crawford 

8 

0.50 

0.38 

0.11 

0.01 

0.00 

Dent 

5 

0.50 

0.38 

0.11 

0.01 

0.00 

Douglas 

1 

0.97 

0.03 

0.00 

0.00 

0.00 

Dunklin 

9 

0.00 

0.05 

0.21 

0.33 

0.42 

Franklin 

55 

0.69 

0.24 

0.06 

0.01 

0.00 

Gasconade 

9 

0.90 

0.09 

0.01 

0.00 

0.00 

Flowed 

4 

0.50 

0.38 

0.11 

0.01 

0.00 

Iron 

6 

0.25 

0.41 

0.28 

0.06 

0.01 

Jefferson 

91 

0.50 

0.38 

0.11 

0.01 

0.00 

Lincoln 

19 

0.97 

0.03 

0.00 

0.00 

0.00 

Madison 

5 

0.15 

0.39 

0.35 

0.10 

0.01 

Maries 

2 

0.90 

0.09 

0.01 

0.00 

0.00 

Miller 

16 

0.97 

0.03 

0.00 

0.00 

0.00 

Mississippi 

6 

0.07 

0.28 

0.34 

0.12 

0.18 

Montgomery 

10 

0.97 

0.03 

0.00 

0.00 

0.00 

New  Madrid 

11 

0.00 

0.05 

0.19 

0.31 

0.45 

Oregon 

2 

0.35 

0.40 

0.21 

0.04 

0.00 

Osage 

4 

0.90 

0.09 

0.01 

0.00 

0.00 

Ozark 

1 

0.97 

0.03 

0.00 

0.00 

0.00 

Pemiscot 

5 

0.00 

0.02 

0.14 

0.35 

0.49 

Perry 

5 

0.19 

0.42 

0.30 

0.06 

0.02 

Phelps 

19 

0.56 

0.33 

0.10 

0.01 

0.00 

Pike 

7 

0.97 

0.03 

0.00 

0.00 

0.00 

Pulaski 

13 

0.93 

0.06 

0.00 

0.00 

0.00 

Reynolds 

6 

0.20 

0.42 

0.31 

0.07 

0.01 

Ripley 

4 

0.07 

0.26 

0.38 

0.19 

0.09 

Saint  Charles 

19 

0.95 

0.05 

0.00 

0.00 

0.00 

Saint  Francois 

13 

0.41 

0.39 

0.17 

0.03 

0.00 

Sainte  Genevieve 

6 

0.40 

0.39 

0.18 

0.03 

0.00 

Saint  Louis 

6 

0.40 

0.39 

0.18 

0.03 

0.00 

Saint  Louis  City 

2 

0.50 

0.37 

0.11 

0.01 

0.01 

Scott 

9 

0.07 

0.27 

0.37 

0.16 

0.14 

Shannon 

4 

0.50 

0.38 

0.11 

0.01 

0.00 

Stoddard 

11 

0.01 

0.07 

0.24 

0.34 

0.34 

Texas 

6 

0.50 

0.38 

0.11 

0.01 

0.00 

Warren 

18 

0.94 

0.06 

0.00 

0.00 

0.00 

Washington 

7 

0.50 

0.38 

0.11 

0.01 

0.00 

Wayne 

6 

0.04 

0.22 

0.41 

0.26 

0.07 

400 


Table  267:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Audrain 

881 

6 

2 

Bollinger 

643 

82 

92 

Boone 

1,248 

9 

2 

Butler 

1,030 

670 

1,507 

Callaway 

1,119 

8 

2 

Cape  Girardeau 

977 

299 

188 

Carter 

487 

8 

20 

Cole 

730 

5 

1 

Crawford 

1,039 

7 

2 

Dent 

847 

6 

2 

Douglas 

945 

7 

2 

Dunklin 

926 

1,093 

2,574 

Franklin 

1,756 

13 

3 

Gasconade 

664 

5 

1 

Howell 

1,270 

9 

2 

Iron 

499 

4 

1 

Jefferson 

1,692 

14 

9 

Lincoln 

951 

7 

2 

Madison 

473 

9 

24 

Maries 

580 

4 

1 

Miller 

882 

6 

2 

Mississippi 

492 

735 

1,303 

Montgomery 

712 

5 

1 

New  Madrid 

837 

1,643 

2,490 

Oregon 

785 

8 

10 

Osage 

654 

5 

1 

Ozark 

879 

6 

2 

Pemiscot 

717 

730 

1,964 

Perry 

667 

16 

10 

Phelps 

996 

7 

2 

Pike 

739 

5 

1 

Pulaski 

856 

6 

2 

Reynolds 

743 

8 

11 

Ripley 

667 

59 

79 

Saint  Charles 

1,423 

10 

3 

Saint  Francois 

881 

6 

2 

Sainte  Genevieve 

613 

4 

1 

Saint  Louis 

2,994 

24 

15 

Saint  Louis  City 

696 

37 

128 

Scott 

674 

2,300 

1,830 

Shannon 

982 

7 

2 

Stoddard 

1,153 

2,703 

3,369 

Texas 

1,433 

10 

3 

Warren 

670 

5 

1 

Washington 

979 

7 

2 

Wayne 

817 

57 

166 

401 


Table  268:  Highway  Bridge  Damage 


Counties 

#  Bridges 

None 

Slight 

Moderate 

Extensive 

Complete 

Audrain 

287 

0.99 

0.01 

0.00 

0.00 

0.00 

Bollinger 

117 

0.73 

0.06 

0.04 

0.08 

0.09 

Boone 

256 

0.97 

0.02 

0.01 

0.00 

0.00 

Butler 

251 

0.25 

0.08 

0.08 

0.16 

0.43 

Callaway 

273 

0.99 

0.01 

0.00 

0.00 

0.00 

Cape  Girardeau 

323 

0.80 

0.07 

0.03 

0.05 

0.05 

Carter 

30 

0.87 

0.04 

0.03 

0.03 

0.02 

Cole 

154 

0.99 

0.01 

0.00 

0.00 

0.00 

Crawford 

101 

0.98 

0.01 

0.00 

0.00 

0.00 

Dent 

73 

0.98 

0.01 

0.00 

0.00 

0.00 

Douglas 

67 

0.97 

0.02 

0.01 

0.00 

0.00 

Dunklin 

206 

0.11 

0.05 

0.05 

0.14 

0.64 

Franklin 

273 

0.98 

0.01 

0.00 

0.00 

0.00 

Gasconade 

127 

0.98 

0.01 

0.00 

0.00 

0.00 

Howell 

145 

0.98 

0.01 

0.00 

0.00 

0.00 

Iron 

105 

0.98 

0.01 

0.00 

0.00 

0.00 

Jefferson 

330 

0.99 

0.01 

0.00 

0.00 

0.00 

Lincoln 

161 

0.99 

0.01 

0.00 

0.00 

0.00 

Madison 

103 

0.94 

0.05 

0.00 

0.01 

0.00 

Maries 

64 

0.96 

0.02 

0.01 

0.00 

0.00 

Miller 

113 

0.97 

0.02 

0.01 

0.00 

0.00 

Mississippi 

91 

0.54 

0.07 

0.05 

0.06 

0.28 

Montgomery 

162 

0.99 

0.01 

0.00 

0.00 

0.00 

New  Madrid 

274 

0.14 

0.05 

0.05 

0.13 

0.62 

Oregon 

76 

0.91 

0.08 

0.00 

0.00 

0.00 

Osage 

83 

0.98 

0.01 

0.01 

0.00 

0.00 

Ozark 

81 

0.98 

0.01 

0.00 

0.00 

0.00 

Pemiscot 

192 

0.17 

0.06 

0.06 

0.14 

0.56 

Perry 

118 

0.95 

0.02 

0.00 

0.00 

0.02 

Phelps 

117 

0.97 

0.02 

0.01 

0.00 

0.00 

Pike 

181 

0.98 

0.01 

0.00 

0.00 

0.00 

Pulaski 

74 

0.99 

0.01 

0.00 

0.00 

0.00 

Reynolds 

72 

0.98 

0.01 

0.00 

0.00 

0.00 

Ripley 

114 

0.54 

0.10 

0.08 

0.12 

0.16 

Saint  Charles 

216 

0.99 

0.01 

0.00 

0.00 

0.00 

Saint  Francois 

143 

0.97 

0.02 

0.01 

0.00 

0.00 

Sainte  Genevieve 

79 

0.97 

0.01 

0.00 

0.01 

0.00 

Saint  Louis 

705 

0.98 

0.01 

0.00 

0.00 

0.00 

Saint  Louis  City 

240 

0.91 

0.01 

0.00 

0.05 

0.04 

Scott 

172 

0.49 

0.06 

0.06 

0.10 

0.28 

Shannon 

50 

0.97 

0.02 

0.00 

0.00 

0.00 

Stoddard 

412 

0.20 

0.07 

0.07 

0.14 

0.52 

Texas 

148 

0.98 

0.01 

0.00 

0.00 

0.00 

Warren 

110 

0.99 

0.01 

0.00 

0.00 

0.00 

Washington 

146 

0.98 

0.01 

0.00 

0.00 

0.00 

Wayne 

188 

0.61 

0.14 

0.06 

0.09 

0.09 
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Table  269:  Highway  Bridge  Functionality 


Counties 

No. 

Bridges 

At  Day  1 

(%) 

At  Day  3 
(%) 

At  Day  7 
(%) 

At  Day  30 
(%) 

At  Day  90 
(%) 

Audrain 

287 

99.42 

99.67 

99.77 

99.78 

99.84 

Bollinger 

117 

78.86 

81.66 

83.35 

84.35 

88.72 

Boone 

256 

98.69 

99.31 

99.55 

99.60 

99.76 

Butler 

251 

34.96 

39.40 

42.64 

45.00 

55.82 

Callaway 

273 

99.45 

99.66 

99.75 

99.78 

99.84 

Cape  Girardeau 

323 

86.33 

88.87 

90.09 

90.72 

93.40 

Carter 

30 

91.40 

93.22 

94.20 

94.67 

96.53 

Cole 

154 

99.49 

99.71 

99.79 

99.80 

99.85 

Crawford 

101 

99.27 

99.60 

99.72 

99.75 

99.83 

Dent 

73 

99.06 

99.50 

99.67 

99.70 

99.80 

Douglas 

67 

98.73 

99.35 

99.58 

99.63 

99.77 

Dunklin 

206 

18.36 

21.28 

23.59 

25.92 

37.06 

Franklin 

273 

99.26 

99.59 

99.71 

99.74 

99.82 

Gasconade 

127 

98.98 

99.44 

99.63 

99.66 

99.79 

Howell 

145 

99.17 

99.53 

99.68 

99.71 

99.81 

Iron 

105 

99.14 

99.56 

99.69 

99.72 

99.82 

Jefferson 

330 

99.23 

99.52 

99.64 

99.67 

99.78 

Lincoln 

161 

99.41 

99.67 

99.76 

99.78 

99.84 

Madison 

103 

97.54 

98.84 

99.00 

99.08 

99.34 

Maries 

64 

98.29 

99.08 

99.41 

99.48 

99.70 

Miller 

113 

98.64 

99.29 

99.54 

99.59 

99.75 

Mississippi 

91 

61.77 

65.00 

66.93 

68.05 

72.84 

Montgomery 

162 

99.57 

99.74 

99.81 

99.82 

99.86 

New  Madrid 

274 

21.48 

24.48 

26.76 

28.95 

39.44 

Oregon 

76 

97.01 

99.11 

99.30 

99.38 

99.63 

Osage 

83 

98.85 

99.36 

99.58 

99.63 

99.77 

Ozark 

81 

98.99 

99.48 

99.66 

99.69 

99.80 

Pemiscot 

192 

24.87 

28.35 

30.98 

33.30 

44.24 

Perry 

118 

96.49 

97.10 

97.25 

97.34 

97.66 

Phelps 

117 

98.58 

99.17 

99.43 

99.49 

99.69 

Pike 

181 

99.16 

99.54 

99.69 

99.72 

99.81 

Pulaski 

74 

99.31 

99.56 

99.70 

99.73 

99.81 

Reynolds 

72 

98.93 

99.29 

99.41 

99.46 

99.68 

Ripley 

114 

64.57 

69.37 

72.43 

74.07 

81.06 

Saint  Charles 

216 

99.48 

99.70 

99.78 

99.80 

99.85 

Saint  Francois 

143 

98.59 

99.31 

99.55 

99.60 

99.75 

Sainte  Genevieve 

79 

98.41 

98.80 

98.93 

99.01 

99.38 

Saint  Louis 

705 

98.94 

99.23 

99.34 

99.39 

99.64 

Saint  Louis  City 

240 

91.37 

91.63 

91.86 

92.34 

95.00 

Scott 

172 

56.48 

59.76 

62.05 

63.61 

70.63 

Shannon 

50 

98.94 

99.52 

99.68 

99.71 

99.81 

Stoddard 

412 

28.59 

32.54 

35.42 

37.73 

48.36 

Texas 

148 

99.07 

99.51 

99.67 

99.70 

99.81 

Warren 

110 

99.56 

99.74 

99.81 

99.82 

99.86 

Washington 

146 

99.24 

99.61 

99.73 

99.75 

99.83 

Wayne 

188 

73.88 

79.29 

81.79 

83.03 

88.18 
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Tennessee  -  New  Madrid  Seismic  Zone  Event 


This  earthquake  impact  assessment  includes  all  95  counties  in  the  State  of  Tennessee. 
Tennessee  is  approximately  42,100  square  miles  and  is  bordered  by  Kentucky  and 
Virginia  to  the  north,  Mississippi,  Alabama,  and  Georgia  to  the  south,  Missouri  and 
Arkansas  to  the  west,  and  North  Carolina  to  the  east.  For  the  purposes  of  this  analysis,  37 
critical  counties  have  been  identified  in  the  western  portion  of  the  state  where  shaking  is 
anticipated  to  be  most  intense.  These  37  counties  are  the  focus  of  much  of  the  damage 
assessment  included  within  this  document. 


■  Benton 

■  Carroll 

■  Cheatham 

■  Chester 

■  Crockett 

■  Davidson 

■  Decatur 

■  Dickson 

■  Dyer 

■  Fayette 


Gibson 

Giles 

Hardeman 

Hardin 

Haywood 

Henderson 

Henry 

Hickman 

Houston 

Humphreys 


■  Lake 

■  Lauderdale 

■  Lawrence 

■  Lewis 

■  McNairy 

■  Madison 

■  Maury 

■  Montgomery 

■  Obion 

■  Perry 


■  Robertson 

■  Shelby 

■  Stewart 

■  Tipton 

■  Wayne 

■  Weakley 

■  Williamson 


Figure  10:  Scenario  Fault  Location  for  the  State  of  Tennessee 


The  earthquake  impact  assessment  for  the  State  of  Tennessee  employs  one  scenario  event 
along  the  New  Madrid  Seismic  Zone  (NMSZ).  The  ground  motions  used  to  represent  this 
seismic  event  were  developed  by  the  U.S.  Geological  Survey  (USGS).  The  scenario 
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consists  of  a  magnitude  7.7  (Mw7.7)  earthquake  along  one  segment  of  the  NMSZ.  Each 
fault  line  is  presumed  to  consist  of  three  fault  segments;  northern,  central  and  southern. 
The  worst-case  scenario  for  the  State  of  Tennessee,  and  the  critical  counties  in  particular, 
is  an  event  on  an  eastern  fault  line  associated  with  the  southern  segment.  The  location  of 
this  scenario  event  is  illustrated  in  Figure  10.  For  more  information  on  the  hazard  utilized 
in  this  scenario  please  reference  Appendix  I. 

The  NMSZ  scenario  produces  thousands  of  damaged  buildings  in  the  State  of  Tennessee. 
The  damage  estimates  shown  indicate  that  more  than  8%  of  the  building  stock,  roughly 
176,000  buildings,  experience  at  least  moderate  damage.  This  includes  complete  damages, 
which  equate  to  about  4%  of  the  building  stock,  or  roughly  82,000  buildings  in  Tennessee. 
Nearly  95%  of  all  cases  of  complete  damage  occur  with  residential  buildings.  This 
occupancy  type  also  accounts  for  nearly  99%  of  at  least  moderate  damage  throughout  the 
state.  All  of  the  complete  damage  cases  are  contained  in  the  37  critical  counties  for  the 
State  of  Tennessee. 


Table  270:  Damage  by  General  Occupancy  Type  for  the  State  of  Tennessee 


General  Occupancy  Type  Damage  (State  level) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

1,720,196 

142,729 

58,255 

Other  Residential 

330,518 

31,012 

19,340 

Commercial 

20,582 

1,882 

3,461 

Industrial 

3,553 

286 

520 

Other 

2,337 

170 

331 

Total 

2,077,186 

176,079 

81,907 

Table  271:  Damage  by  General  Occupancy  Type  for  the  37  Critical  Counties 


General  Occupancy  Type  Damage  (37  Critical  Counties) 

General  Occupancy 
Type 

Total  No. 
Buildings 

Moderate  to 
Severe  Damage 

Complete  Damage 

Single  Family 

811,843 

142,431 

58,255 

Other  Residential 

117,912 

28,995 

19,340 

Commercial 

11,113 

1,853 

3,461 

Industrial 

1,467 

278 

520 

Other 

1,245 

167 

331 

Total 

943,580 

173,724 

81,907 

Wood  construction,  the  most  prevalent  building  type  in  Tennessee,  sustains  the  most 
cases  of  complete  damage.  Nearly  43%  of  all  instances  of  complete  damage,  roughly 
34,900  buildings,  occur  with  wood  frame  structures  for  the  State  of  Tennessee. 
Unreinforced  masonry  (URM)  construction  and  mobile  homes  (MH)  also  show  high 
frequencies  of  collapse  and  account  for  nearly  54%  of  all  building  collapses.  The 
remaining  building  types  show  far  less  inventory  throughout  the  state  and  thus  experience 
a  far  lesser  proportion  of  damage. 


405 


Table  272:  Building  Damage  by  Building  Type  for  the  State  of  Tennessee 


Building  Damage  by  Building  Type 

Building  Type 

None 

Slight 

Moderate 

Extensive 

Complete 

Wood 

1,255,670 

180,779 

112,188 

19,319 

34,888 

Steel 

6,045 

222 

171 

353 

1,610 

Concrete 

1,786 

39 

68 

135 

417 

Precast 

1,934 

57 

66 

139 

497 

Reinforced  Masonry 

1,125 

15 

36 

84 

312 

Unreinforced  Masonry 

138,979 

7,893 

7,597 

11,117 

29,385 

Mobile  Home 

199,367 

25,289 

13,577 

11,229 

14,797 

Total 

1,604,906 

214,294 

133,703 

42,376 

81,907 

Of  the  1,110  fire  stations  in  the  state,  256  (more  than  23%)  are  estimated  to  experience  at 
least  moderate  damage.  Approximately  25-30%  of  most  other  essential  facility  types 
(schools,  hospitals  and  police  stations)  each  sustain  at  least  moderate  damage.  In  addition, 
404  of  the  2,309  schools  and  117  fire  stations  are  estimated  to  collapse.  The  Tennessee 
inventory  does  not  specify  any  locations  for  emergency  operations  centers  and  thus  no 
damage  can  be  detennined  for  this  type  of  essential  facility. 


All  non-functional  facilities  are  located  in  the  western  portion  of  the  state.  Of 
Tennessee’s  180  hospitals,  132  are  considered  functional  the  day  after  the  earthquake  and 
that  number  increases  to  137  functional  facilities  after  one  week.  Roughly  70%  of  all  fire 
stations  and  police  stations  in  Tennessee  are  estimated  to  remain  functional  the  day  after 
the  earthquake,  though  all  these  functioning  facilities  are  in  the  central  and  eastern 
portions  of  the  state.  Most  of  Tennessee’s  western  counties  are  left  without  functioning 
facilities  and  will  likely  experience  diminished  services  in  the  immediate  aftermath  of  an 
earthquake. 


Table  273:  Essential  Facilities  Damage  &  Functionality  for  the  State  of  Tennessee10 


Essential  Facilities  Damage  &  Functionality  (State) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

180 

43 

8 

132 

Schools 

2,309 

602 

404 

1,674 

EOCs 

0 

0 

0 

0 

Police  Stations 

423 

124 

78 

289 

Fire  Stations 

1,110 

256 

117 

815 

10  For  Tables  273-283  the  following  method  is  used  to  determine  the  number  of  facilities  in  a  damage 
category.  HAZUS-MH  MR2  assigns  each  facility  a  probability  of  reaching  a  specific  damage  level  (at  least 
moderate,  complete,  etc.).  In  order  to  provide  quantities  of  facilities  at  various  damage  levels,  all  those 
facilities  that  experience  a  damage  probability  of  50%  or  greater  for  a  given  damage  level  are  counted  as 
‘damaged’.  Therefore,  the  facilities  that  are  not  50%  likely  to  incur  damage  at  a  specific  damage  level  are 
deemed  ‘undamaged’. 
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Table  274:  Essential  Facilities  Damage  &  Functionality  for  the  37  Critical  Counties 


Essential  Facilities  Damage  &  Functionality  (37  Critical  Counties) 

Essential  Facility 
Type 

Total  No. 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

Hospitals 

81 

43 

8 

33 

Schools 

1,106 

602 

404 

471 

EOCs 

0 

0 

0 

0 

Police  Stations 

209 

124 

78 

75 

Fire  Stations 

482 

256 

117 

186 

Table  275:  Highway  Bridge  Damage  Assessments 


Highway 

!  Bridge  Damage  Assessments 

Total  No. 

Of  Bridges 

At  Least  Moderate  Complete 

Damage  Damage 

(Damage  >50%)  (Damage  >50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 
Remaining  Counties 

3,815 

3,400 

877  330 

1  0 

2,937 

3,400 

Total  State 

7,215 

878  330 

6,337 

Table  276:  Airport  Damage  Assessments 


Airport  Damage  Assessments 

Total  No. 

Of  Airports 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

141 

50 

2 

104 

Remaining  Counties 

174 

0 

0 

174 

Total  State 

315 

50 

2 

278 

As  is  the  case  with  essential  facilities,  western  Tennessee  counties  incur  the  most  severe 
damage.  Roughly  900  of  the  7,200,  or  more  than  12%  of  all  bridges,  are  estimated  to 
incur  at  least  moderate  damage.  Of  the  nearly  900  damaged  bridges,  330  are  expected  to 
collapse.  Highway  road  segments  connecting  these  damaged  bridges  are  expected  to 
incur  slightly  less  damage  than  the  bridges  themselves,  even  in  the  counties  with  the  most 
severe  shaking.  Highway  segments  are  most  generally  defined  as  a  section  of  highway 
between  two  end  nodes.  These  end  nodes  are  frequently  highway  bridges.  At  least 
moderate  damage  to  highway  bridges  is  characterized  by  moderate  shear  (diagonal) 
cracking  of  columns,  spalling  of  cover  concrete  and  shear  keys,  abutment  movement  less 
than  two-inches,  extensive  cracking  to  shear  keys,  bent  connection  bolts,  and  moderate 
settlement  of  the  bridge  approaches. 

Furthermore,  81  ports,  54  railway  facilities,  and  50  airports  reach  at  least  moderate 
damage  state  and  follow  roughly  the  same  damage  distribution  throughout  the  state  as 
highway  bridges.  At  least  moderate  damage  to  port  facilities  includes  considerable 
ground  settlement,  derailment  of  port  equipment,  and  damage  to  structural  members.  For 
airports,  at  least  moderate  damage  is  defined  in  the  same  manner  as  damage  to  other 
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building  types  discussed  previously.  The  lack  of  functionality  of  many  transportation 
lifelines  in  western  Tennessee  will  make  the  movement  of  people  and  supplies  difficult  in 
the  days  immediately  following  the  earthquake. 


Table  277:  Transportation  System  Damage  for  the  State  of  Tennessee 


Transportation  System  Damage 

At  Least 

Complete 

Transportation 

System 

Type 

Quantity 

Moderate 

Damage 

(Damage>50%) 

Damage 

(Damage 

>50%) 

Functionality 
at  Day  1  <  50% 

Highway 

Segments 

4,682 

0 

0 

4,682 

Bridges 

7,215 

878 

330 

6,337 

Tunnels 

5 

0 

0 

5 

Railways 

Segments 

2,936 

0 

0 

2,936 

Bridges 

151 

4 

0 

147 

Tunnels 

15 

0 

0 

15 

Facilities 

129 

54 

1 

78 

Bus 

Facilities 

51 

7 

0 

46 

Light  Rail 

Segments 

35 

0 

0 

35 

Bridges 

0 

0 

0 

0 

Facilities 

25 

25 

25 

0 

Ferry 

Facilities 

6 

6 

6 

0 

Port 

Facilities 

200 

81 

7 

129 

Airport 

Facilities 

315 

50 

2 

278 

Runways 

206 

0 

0 

206 

Table  278:  Damage  to  Potable  Water  Facilities 


Potable  Water  Facilities  Damage  Assessments 

Total  No.  of 
Potable  Water 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete 
Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

30 

9 

1 

21 

Remaining  Counties 

68 

0 

0 

68 

Total  State 

98 

9 

1 

89 

Table  279:  Damage  to  Waste  Water  Facilities 


Waste  Water  Facilities  Damage  Assessments 

Total  No.  of 
Waste 

Water  Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

742 

375 

14 

246 

Remaining  Counties 

1,204 

0 

0 

1,204 

Total  State 

1,946 

375 

14 

1,450 

Utility  lifelines  show  similar  damage  and  functionality  estimates  to  those  of  the 
transportation  systems.  Approximately  380  waste  water  facilities,  3,500  communication 
facilities  and  65  electric  power  facilities  incur  at  least  moderate  damage.  Furthermore,  14 
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waste  water  facilities  and  48  communication  facilities  are  expected  to  experience 
complete  damage.  At  least  moderated  damage  to  potable  water,  waste  water, 
communication,  electric  power,  natural  gas,  and  oil  facilities  are  contained  within  the  37 
critical  counties.  Approximately  49%  of  all  natural  gas  facilities  in  the  critical  counties 
incur  at  least  moderate  damage. 


Table  280:  Damage  to  Natural  Gas  Facilities 


Natural  Gas  Facilities  Damage  Assessments 

Total  No.  of 
Natural  Gas 
Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

121 

59 

1 

62 

Remaining  Counties 

62 

0 

0 

62 

Total  State 

183 

59 

1 

124 

Table  281:  Damage  to  Oil  Facilities 


Oil  Facilities  Damage  Assessments 

Total  No.  of 
Oil  Facilities 

At  Least  Moderate 
Damage 

(Damage  >  50%) 

Complete  Damage 
(Damage  >  50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

65 

32 

0 

33 

Remaining  Counties 

56 

0 

0 

56 

Total  State 

121 

32 

0 

89 

Table  282:  Damage  to  Electric  Power  Facilities 


Electric  Power  Facilities  Damage  Assessments 

Total  No.  of 
Electric  Power 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

153 

63 

0 

61 

Remaining  Counties 

275 

0 

0 

275 

Total  State 

428 

63 

0 

336 

Table  283:  Damage  to  Communication  Facilities 


Communication  Damage  Assessments 

Total  No.  of 
Communication 
Facilities 

At  Least  Moderate 
Damage 
(Damage  >50%) 

Complete  Damage 
(Damage  >50%) 

Functionality 
>50%  at  Day  1 

37  Critical  Counties 

6,969 

3,468 

48 

5,018 

Remaining  Counties 

9,161 

0 

0 

9,161 

Total  State 

16,130 

3,468 

48 

14,179 

Pipeline  damage  is  estimated  for  local  potable  water,  waste  water  and  natural  gas  systems. 
Major  transmission  pipelines  for  natural  gas  are  added  from  HSIP  2007  data.  Oil 
pipelines  are  not  included  in  the  HAZUS-MH  MR2  default  inventory,  called  local 
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inventory  in  HAZUS-MH  MR2,  though  regional  oil  pipelines  are  added  to  provide 
damage  estimates  for  these  major  oil  transmission  lines.  These  oil  pipelines  are  composed 
of  major  crude  oil  and  refined  product  lines  only.  Regional  and  local  natural  gas  networks 
are  represented  separately  and  damage  is  estimated  for  each.  Potable  water  lines  show  the 
greatest  amount  of  leaks  and  breaks  at  18,910  and  12,334,  respectively.  Local  natural  gas 
lines,  however,  show  the  greatest  leak  and  break  rates  per  length  of  pipe  at  roughly  0.34 
leaks/mile  (1  leak  every  3  miles)  and  roughly  0.22  breaks/mile  (roughly  1  break  every  4.5 
miles).  In  addition,  local  and  regional  damage  to  natural  gas  lines  can  be  combined  for  a 
total  state  damage  estimate  of  16,219  leaks  and  11,015  breaks  over  the  combined  length 
of  51,582  miles  of  natural  gas  pipeline. 

Potable  water  service  is  cut  off  for  nearly  447,000  residences  the  day  after  the  scenario 
earthquake.  This  is  reduced  to  roughly  408,000  residences  within  a  week.  Even  after 
three  months,  service  has  not  been  restored  for  nearly  165,000  residences.  These 
estimates  are  calculated  from  a  formula  that  uses  the  damage  to  the  distribution  system  to 
determine  the  repair  rate.  Additional  information  on  this  formula  is  available  in  the 
HAZUS-MH  MR2  Technical  Manual  that  accompanies  the  program.  This  period  of  time 
without  water  prevents  thousands  of  people  from  remaining  in  their  homes  in  the  weeks 
and  months  following  the  earthquake.  Electric  power  service  shows  similar  trends,  with 
over  426,000,  or  nearly  20%,  of  all  residences  without  electric  power  the  day  after  the 
earthquake.  Even  a  month  after  the  earthquake,  nearly  38,000  residences  are  still  without 
power.  All  electric  power  lines  in  Tennessee  are  presumed  to  be  above  ground  and  less 
likely  to  incur  damage  from  moderate  ground  shaking,  unlike  buried  pipelines  that  are 
vulnerable  to  damage  from  liquefaction  and  ground  deformation. 


Table  284:  Pipeline  Damage 


Pipeline  Damage 

System 

Total  Pipelines  (mi) 

No.  Leaks 

No.  Breaks 

Potable  Water  -  Local 

117,443 

18,910 

12,334 

Waste  Water  -  Local 

70,466 

14,956 

9,755 

Natural  Gas  -  Regional 

4,605 

232 

587 

Natural  Gas  -  Local 

46,977 

15,987 

10,428 

Oil  -  Regional 

1,018 

53 

127 

Table  285:  Utility  Service  Interruptions 


Utility  Service  Interruptions  Number  of  Households  without  Service 

No.  Households 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

Potable  Water 

2,232,905 

446,891 

433,647 

408,112 

360,553 

164,750 

Electric  Power 

426,573 

296,249 

146,276 

37,717 

508 

The  infrastructure  damage  in  HAZUS-MH  MR2  is  evaluated  based  on  a  percentage  of 
reaching  a  specified  damage  level.  There  are  various  methods  available  to  quantify 
damage  based  on  the  likelihoods  of  reaching  the  four  damage  levels  available  in  HAZUS- 
MH  MR2.  Two  different  methods  are  employed  in  this  report  and  are  discussed  herein. 
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Some  of  the  following  damage  tables  depict  damage  at  the  county  level  for  essential, 
transportation,  and  utility  facilities.  This  is  the  fonnat  employed  to  generate  the  HAZUS- 
MH  MR2  summary  reports  for  various  types  of  infrastructure  and  networks.  The  damage 
state  likelihoods  (shown  as  percentages)  represent  the  average  damage  state  likelihoods 
for  all  facilities  of  a  given  type  in  a  specific  county.  The  damage  estimates  shown 
previously  for  corresponding  infrastructure  types  are  based  on  a  different  set  of  criteria  as 
discussed  in  footnote  (10)  and  employed  in  the  preceding  damage  tables  for  this  scenario. 
Both  methods  are  employed  in  HAZUS-MH  MR2  and  are  valid  estimation 
methodologies,  though  they  generate  different  estimations  of  county  damage  for  a 
specific  facility  type.  Consider  the  following  comparison: 

•  Shelby  County,  Tennessee  -  1 17  waste  water  facilities 

o  Estimation  procedure  according  to  footnote  10: 

■  Summation  of  individual  facilities  after  that  facility  is  deemed 
‘damaged’  or  ‘undamaged’  based  on  50%  or  greater  damage 
likelihood  requirement  estimates  117  at  least  moderately 
damaged  waste  water  facilities 

o  Estimation  procedure  according  to  topic  damage  tables  in  this 
appendix: 

■  To  determine  the  percentage  of  waste  water  facilities  in  the  at  least 
moderate  damage  category,  add  the  percentages  for  moderate, 
extensive  and  complete  damage  for  the  county  then  multiply  by  the 
number  of  facilities  in  that  county 

■  Using  these  damage  state  probabilities  averaged  over  all  the 
facilities  in  the  county  provides  an  estimate  of  97  at  least 
moderately  damaged  waste  water  facilities 

In  the  case  of  Shelby  County,  Tennessee,  the  topic  damage  tables  in  this  appendix 
provide  a  lower  estimate  of  damage  as  opposed  to  the  facility-by-facility  damage 
summation  detailed  in  footnote  (10).  Though  not  illustrated  here,  other  counties  in 
Tennessee  are  estimated  to  incur  greater  damage  when  this  averaging  estimation 
procedure  is  used.  Comparing  the  total  number  of  at  least  moderately  damaged  waste 
water  facilities  for  the  37  critical  counties  in  Tennessee  shows  the  following: 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  HAZUS-MH  MR2  procedure  for  averaging  damage  at 
the  county  level 

■  366  at  least  moderately  damaged  waste  water  facilities 

o  Total  number  of  at  least  moderately  damaged  waste  water  facilities 
according  to  the  other  HAZUS-MH  MR2  method  of  assessing  facility- 
by-facility  damage 

■  375  at  least  moderately  damaged  waste  water  facilities 

Comparing  damage  estimates  for  these  two  methods  clearly  shows  that  the  averaging 
procedure  produces  less  damage.  Other  infrastructure  categories  may  or  may  not  follow 
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this  trend  thus  requiring  an  investigation  of  each  infrastructure  type  separately.  This  is  not 
undertaken  here,  though  it  can  be  done  with  the  information  provided  in  this  appendix. 

The  following  tables  provide  damage  and  functionality  estimates  for  the  NMSZ  scenario 
critical  counties  in  Tennessee.  There  tables  employ  the  HAZUS-MH  MR2  damage 
methodology  of  averaging  each  of  four  damage  levels  for  a  county. 
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Table  286:  Building  Damage  by  General  Occupancy 


Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Benton 

Single  Family 

4,161 

826 

85 

5 

9 

5,086 

Other  Residential 

1,078 

904 

504 

13 

7 

2,506 

Commercial 

14 

6 

3 

0 

0 

23 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

1 

0 

0 

0 

0 

1 

Carroll 

Single  Family 

1,824 

4,233 

2,239 

319 

310 

8,925 

Other  Residential 

54 

340 

1,099 

1,035 

241 

2,769 

Commercial 

1 

8 

24 

18 

6 

57 

Industrial 

0 

1 

7 

9 

3 

20 

Other 

0 

1 

1 

1 

0 

3 

Cheatham 

Single  Family 

11,305 

60 

4 

0 

0 

11,369 

Other  Residential 

2,156 

204 

25 

0 

0 

2,385 

Commercial 

34 

1 

0 

0 

0 

35 

Industrial 

4 

0 

0 

0 

0 

4 

Other 

6 

0 

0 

0 

0 

6 

Chester 

Single  Family 

1,843 

1,710 

421 

114 

60 

4,148 

Other  Residential 

52 

169 

556 

540 

100 

1,417 

Commercial 

1 

3 

9 

7 

2 

22 

Industrial 

0 

0 

1 

2 

1 

4 

Other 

1 

2 

3 

2 

0 

8 

Crockett 

Single  Family 

483 

1,898 

1,358 

295 

527 

4,561 

Other  Residential 

6 

28 

96 

229 

502 

861 

Commercial 

0 

0 

2 

7 

24 

33 

Industrial 

0 

0 

0 

1 

6 

7 

Other 

0 

0 

0 

0 

7 

7 

Davidson 

Single  Family 

159,343 

844 

52 

1 

0 

160,240 

Other  Residential 

16,555 

494 

55 

0 

0 

17,104 

Commercial 

3,658 

93 

11 

0 

0 

3,762 

Industrial 

356 

10 

1 

0 

0 

367 

Other 

412 

10 

1 

0 

0 

423 

Decatur 

Single  Family 

2,629 

1,081 

212 

47 

10 

3,980 

Other  Residential 

384 

377 

450 

278 

44 

1,533 

Commercial 

9 

4 

3 

1 

0 

17 

Industrial 

2 

1 

1 

0 

0 

4 

Other 

2 

1 

0 

0 

0 

3 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Dickson 

Single  Family 

13,021 

69 

4 

0 

0 

13,094 

Other  Residential 

2,971 

264 

32 

0 

0 

3,268 

Commercial 

138 

4 

0 

0 

0 

142 

Industrial 

17 

0 

0 

0 

0 

17 

Other 

13 

0 

0 

0 

0 

13 

Dyer 

Single  Family 

3 

58 

1,264 

4,513 

5,910 

11,748 

Other  Residential 

0 

0 

46 

213 

1,653 

1,912 

Commercial 

0 

0 

0 

2 

119 

121 

Industrial 

0 

0 

0 

0 

29 

29 

Other 

0 

0 

0 

1 

18 

19 

Fayette 

Single  Family 

1,793 

3,844 

2,210 

388 

534 

8,769 

Other  Residential 

16 

130 

586 

746 

504 

1,982 

Commercial 

1 

4 

13 

11 

7 

36 

Industrial 

0 

2 

10 

14 

8 

34 

Other 

0 

1 

1 

1 

0 

3 

Gibson 

Single  Family 

476 

3,246 

6,603 

2,557 

2,140 

15,022 

Other  Residential 

20 

139 

520 

760 

1,218 

2,657 

Commercial 

1 

4 

22 

35 

62 

124 

Industrial 

0 

0 

3 

6 

18 

27 

Other 

0 

1 

3 

3 

9 

16 

Giles 

Single  Family 

9,569 

51 

3 

0 

0 

9,623 

Other  Residential 

2,167 

188 

23 

0 

0 

2,378 

Commercial 

70 

2 

0 

0 

0 

72 

Industrial 

11 

0 

0 

0 

0 

11 

Other 

5 

0 

0 

0 

0 

5 

FLardeman 

Single  Family 

2,820 

2,882 

835 

194 

180 

6,911 

Other  Residential 

74 

283 

970 

942 

202 

2,471 

Commercial 

1 

8 

21 

15 

5 

50 

Industrial 

0 

0 

1 

1 

0 

2 

Other 

1 

2 

4 

4 

1 

12 

Hardin 

Single  Family 

6,835 

1,257 

130 

9 

381 

8,612 

Other  Residential 

1,120 

898 

495 

13 

80 

2,606 

Commercial 

27 

12 

5 

0 

4 

48 

Industrial 

9 

4 

3 

0 

2 

18 

Other 

5 

2 

0 

0 

0 

7 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Haywood 

Single  Family 

86 

1,324 

2,758 

590 

487 

5,245 

Other  Residential 

4 

63 

244 

333 

433 

1,077 

Commercial 

0 

1 

8 

16 

23 

47 

Industrial 

0 

0 

1 

7 

30 

38 

Other 

0 

0 

0 

2 

2 

4 

Henderson 

Single  Family 

3,125 

2,898 

713 

192 

450 

7,378 

Other  Residential 

94 

355 

1,229 

1,197 

419 

3,294 

Commercial 

2 

11 

31 

23 

7 

74 

Industrial 

0 

1 

4 

5 

1 

11 

Other 

1 

2 

6 

5 

1 

15 

Henry 

Single  Family 

4,828 

3,418 

909 

211 

262 

9,628 

Other  Residential 

806 

896 

1,285 

932 

256 

4,175 

Commercial 

3 

12 

34 

25 

9 

83 

Industrial 

0 

1 

5 

5 

2 

13 

Other 

1 

1 

2 

1 

1 

6 

Hickman 

Single  Family 

5,695 

30 

2 

0 

0 

5,727 

Other  Residential 

2,073 

201 

25 

0 

0 

2,299 

Commercial 

22 

1 

0 

0 

0 

23 

Industrial 

3 

0 

0 

0 

0 

3 

Other 

10 

0 

0 

0 

0 

10 

Houston 

Single  Family 

2,238 

115 

12 

1 

0 

2,366 

Other  Residential 

718 

235 

110 

2 

0 

1,065 

Commercial 

10 

0 

0 

0 

0 

10 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

4 

0 

0 

0 

0 

4 

Humphreys 

Single  Family 

5,261 

559 

58 

2 

0 

5,880 

Other  Residential 

1,249 

536 

267 

6 

0 

2,058 

Commercial 

26 

10 

4 

0 

0 

40 

Industrial 

1 

1 

0 

0 

0 

2 

Other 

4 

1 

0 

0 

0 

5 

Lake 

Single  Family 

711 

359 

208 

38 

271 

1,587 

Other  Residential 

112 

22 

40 

65 

133 

372 

Commercial 

3 

0 

0 

1 

1 

5 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

0 

0 

0 

2 

3 

5 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Lauderdale 

Single  Family 

13 

267 

1,608 

2,390 

2,565 

6,843 

Other  Residential 

0 

12 

91 

138 

1,604 

1,845 

Commercial 

0 

0 

0 

1 

39 

40 

Industrial 

0 

0 

0 

0 

10 

10 

Other 

0 

0 

1 

1 

12 

14 

Lawrence 

Single  Family 

12,171 

64 

4 

0 

0 

12,239 

Other  Residential 

2,219 

196 

24 

0 

0 

2,439 

Commercial 

75 

2 

0 

0 

0 

77 

Industrial 

16 

0 

0 

0 

0 

16 

Other 

18 

0 

0 

0 

0 

18 

Lewis 

Single  Family 

3,103 

16 

1 

0 

0 

3,120 

Other  Residential 

1,132 

107 

13 

0 

0 

1,252 

Commercial 

14 

0 

0 

0 

0 

14 

Industrial 

0 

0 

0 

0 

0 

0 

Other 

2 

0 

0 

0 

0 

2 

Madison 

Single  Family 

4,298 

13,057 

7,493 

997 

1,693 

27,538 

Other  Residential 

224 

993 

1,563 

1,137 

420 

4,337 

Commercial 

10 

63 

182 

134 

67 

456 

Industrial 

1 

5 

23 

28 

11 

68 

Other 

2 

8 

15 

12 

7 

43 

Maury 

Single  Family 

21,758 

115 

7 

0 

0 

21,880 

Other  Residential 

3,959 

317 

39 

0 

0 

4,315 

Commercial 

209 

5 

1 

0 

0 

215 

Industrial 

46 

1 

0 

0 

0 

47 

Other 

31 

1 

0 

0 

0 

32 

McNairy 

Single  Family 

4,382 

2,510 

558 

144 

97 

7,691 

Other  Residential 

373 

427 

709 

549 

107 

2,165 

Commercial 

11 

9 

15 

9 

3 

47 

Industrial 

17 

9 

8 

5 

1 

40 

Other 

2 

2 

2 

2 

0 

8 

Montgomery 

Single  Family 

38,659 

205 

13 

0 

0 

38,877 

Other  Residential 

4,971 

341 

41 

0 

0 

5,353 

Commercial 

363 

9 

1 

0 

0 

373 

Industrial 

18 

0 

0 

0 

0 

18 

Other 

36 

1 

0 

0 

0 

37 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Obion 

Single  Family 

2,043 

3,911 

1,951 

315 

1,452 

9,672 

Other  Residential 

81 

146 

276 

648 

1,411 

2,562 

Commercial 

0 

2 

15 

30 

57 

104 

Industrial 

0 

0 

1 

2 

6 

9 

Other 

0 

1 

2 

4 

11 

18 

Perry 

Single  Family 

1,953 

387 

40 

2 

0 

2,382 

Other  Residential 

549 

461 

258 

6 

0 

1,274 

Commercial 

13 

6 

3 

0 

0 

22 

Industrial 

3 

2 

1 

0 

0 

6 

Other 

2 

1 

0 

0 

0 

3 

Robertson 

Single  Family 

16,944 

90 

6 

0 

0 

17,040 

Other  Residential 

2,729 

234 

29 

0 

0 

2,992 

Commercial 

121 

3 

0 

0 

0 

124 

Industrial 

37 

1 

0 

0 

0 

38 

Other 

8 

0 

0 

0 

0 

8 

Shelby 

Single  Family 

32,859 

118,257 

72,880 

10,924 

36,411 

271,331 

Other  Residential 

1,236 

4,779 

3,075 

1,643 

6,558 

17,291 

Commercial 

1 

12 

232 

836 

2,921 

4,002 

Industrial 

0 

1 

22 

92 

348 

463 

Other 

9 

37 

33 

43 

233 

354 

Stewart 

Single  Family 

3,383 

518 

108 

25 

5 

4,039 

Other  Residential 

779 

236 

299 

223 

36 

1,573 

Commercial 

8 

3 

2 

1 

0 

14 

Industrial 

2 

1 

1 

0 

0 

4 

Other 

2 

0 

0 

0 

0 

2 

Tipton 

Single  Family 

136 

1,827 

6,431 

3,230 

3,793 

15,417 

Other  Residential 

1 

18 

112 

241 

2,763 

3,135 

Commercial 

0 

0 

0 

3 

81 

84 

Industrial 

0 

0 

0 

0 

34 

34 

Other 

0 

0 

2 

2 

24 

28 

Wayne 

Single  Family 

3,672 

98 

10 

0 

0 

3,780 

Other  Residential 

1,527 

266 

90 

2 

0 

1,885 

Commercial 

31 

1 

0 

0 

0 

32 

Industrial 

21 

1 

0 

0 

0 

22 

Other 

10 

0 

0 

0 

0 

10 
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Counties 

Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

Weakley 

Single  Family 

982 

4,117 

3,176 

546 

708 

9,529 

Other  Residential 

63 

332 

849 

959 

649 

2,852 

Commercial 

0 

3 

14 

21 

24 

62 

Industrial 

0 

0 

2 

6 

10 

18 

Other 

0 

1 

3 

3 

2 

8 

Williamson 

Single  Family 

50,285 

266 

16 

0 

0 

50,567 

Other  Residential 

2,265 

169 

20 

0 

0 

2,454 

Commercial 

605 

15 

2 

0 

0 

622 

Industrial 

61 

2 

0 

0 

0 

63 

Other 

82 

2 

0 

0 

0 

84 
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Table  287:  Hospital  Functionality 


Counties 

Total  # 
of  Beds 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

Benton 

93 

44 

47.30 

45 

47.90 

68 

73.30 

91 

97.60 

92 

98.80 

Carroll 

135 

1 

0.40 

1 

0.40 

4 

2.60 

39 

29.20 

76 

56.10 

Cheatham 

29 

28 

96.40 

28 

96.50 

29 

99.30 

29 

99.90 

29 

99.90 

Chester 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Crockett 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Davidson 

5,307 

5116 

96.40 

5121 

96.50 

5270 

99.30 

5302 

99.90 

5302 

99.90 

Decatur 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Dickson 

150 

145 

96.40 

145 

96.50 

149 

99.30 

150 

99.90 

150 

99.90 

Dyer 

225 

0 

0.00 

0 

0.00 

0 

0.00 

2 

1.10 

35 

15.50 

Fayette 

50 

0 

0.40 

0 

0.40 

1 

2.60 

15 

29.20 

28 

56.10 

Gibson 

235 

0 

0.13 

0 

0.13 

2 

0.87 

24 

10.30 

56 

23.73 

Giles 

95 

92 

96.40 

92 

96.50 

94 

99.30 

95 

99.90 

95 

99.90 

Hardeman 

308 

1 

0.40 

1 

0.40 

8 

2.60 

90 

29.10 

173 

56.10 

Hardin 

131 

62 

47.30 

63 

47.90 

96 

73.30 

128 

97.60 

129 

98.80 

Haywood 

62 

0 

0.00 

0 

0.00 

0 

0.00 

1 

2.00 

9 

13.80 

Henderson 

52 

0 

0.40 

0 

0.50 

1 

2.70 

16 

29.90 

30 

57.60 

Henry 

317 

1 

0.40 

2 

0.50 

9 

2.70 

95 

29.90 

183 

57.60 

Hickman 

84 

81 

96.40 

81 

96.50 

83 

99.30 

84 

99.90 

84 

99.90 

Houston 

40 

39 

96.40 

39 

96.50 

40 

99.30 

40 

99.90 

40 

99.90 

Humphreys 

52 

25 

47.70 

25 

48.30 

38 

73.60 

51 

97.60 

51 

98.80 

Lake 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Lauderdale 

70 

0 

0.00 

0 

0.00 

0 

0.00 

1 

1.10 

11 

15.50 

Lawrence 

107 

103 

96.40 

103 

96.50 

106 

99.30 

107 

99.90 

107 

99.90 

Lewis 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Madison 

876 

4 

0.40 

4 

0.40 

23 

2.60 

255 

29.10 

489 

55.88 

Maury 

255 

246 

96.40 

246 

96.50 

253 

99.30 

255 

99.90 

255 

99.90 

McNairy 

86 

0 

0.40 

0 

0.50 

2 

2.70 

26 

29.90 

50 

57.60 

Montgomery 

314 

303 

96.40 

303 

96.50 

312 

99.30 

314 

99.90 

314 

99.90 

Obion 

173 

9 

5.10 

10 

5.60 

44 

25.30 

141 

81.40 

152 

88.00 

Perry 

53 

25 

47.30 

25 

47.90 

39 

73.30 

52 

97.60 

52 

98.80 

Robertson 

100 

96 

96.40 

97 

96.50 

99 

99.30 

100 

99.90 

100 

99.90 

Shelby 

5,323 

232 

4.36 

256 

4.80 

1165 

21.88 

3935 

73.92 

4377 

82.23 

Stewart 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Tipton 

110 

0 

0.00 

0 

0.00 

0 

0.00 

1 

1.20 

17 

15.50 

Wayne 

80 

77 

96.40 

77 

96.50 

79 

99.30 

80 

99.90 

80 

99.90 

Weakley 

140 

0 

0.00 

0 

0.00 

0 

0.00 

3 

2.00 

19 

13.80 

Williamson 

299 

288 

96.40 

289 

96.50 

297 

99.30 

299 

99.90 

299 

99.90 

419 


Table  288:  Police  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Benton 

3 

47.00 

Carroll 

6 

0.80 

Cheatham 

3 

94.10 

Chester 

2 

0.80 

Crockett 

4 

0.00 

Davidson 

23 

94.10 

Decatur 

3 

16.27 

Dickson 

4 

94.10 

Dyer 

7 

0.00 

Fayette 

7 

0.54 

Gibson 

9 

0.18 

Giles 

5 

94.10 

Fiardeman 

5 

0.80 

Fiardin 

3 

46.87 

Fiaywood 

2 

0.00 

Fienderson 

3 

0.80 

Fienry 

4 

0.80 

Hickman 

2 

94.10 

Houston 

2 

94.10 

Humphreys 

4 

61.23 

Lake 

3 

0.00 

Lauderdale 

5 

0.00 

Lawrence 

6 

94.10 

Lewis 

2 

94.10 

Madison 

3 

0.80 

Maury 

4 

94.10 

McNairy 

4 

12.25 

Montgomery 

5 

94.10 

Obion 

7 

1.00 

Perry 

1 

47.00 

Robertson 

5 

94.10 

Shelby 

39 

0.18 

Stewart 

3 

51.90 

Tipton 

6 

0.00 

Wayne 

4 

83.55 

Weakley 

7 

0.34 

Williamson 

4 

94.10 

420 


Table  289:  School  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Benton 

10 

47.00 

Carroll 

18 

0.80 

Cheatham 

15 

94.10 

Chester 

11 

0.78 

Crockett 

7 

0.00 

Davidson 

205 

94.10 

Decatur 

4 

23.95 

Dickson 

19 

94.10 

Dyer 

17 

0.00 

Fayette 

14 

0.56 

Gibson 

21 

0.08 

Giles 

11 

94.10 

Fiardeman 

14 

0.79 

Fiardin 

13 

47.97 

Fiaywood 

8 

0.00 

Fienderson 

13 

0.80 

Fienry 

10 

4.25 

Hickman 

10 

94.10 

Houston 

5 

85.66 

Humphreys 

10 

68.29 

Lake 

3 

0.00 

Lauderdale 

10 

0.00 

Lawrence 

19 

94.10 

Lewis 

7 

94.10 

Madison 

44 

0.79 

Maury 

26 

94.10 

McNairy 

12 

16.05 

Montgomery 

50 

94.10 

Obion 

11 

1.27 

Perry 

5 

47.00 

Robertson 

22 

94.10 

Shelby 

361 

0.12 

Stewart 

4 

60.25 

Tipton 

14 

0.00 

Wayne 

10 

85.66 

Weakley 

16 

0.32 

Williamson 

57 

94.10 

421 


Table  290:  Fire  Station  Functionality 


Counties 

Count 

Functionality  At  Day  1  (%) 

Benton 

10 

46.92 

Carroll 

11 

0.80 

Cheatham 

11 

94.10 

Chester 

10 

0.80 

Crockett 

7 

0.00 

Davidson 

37 

94.10 

Decatur 

8 

29.71 

Dickson 

12 

94.10 

Dyer 

6 

0.00 

Fayette 

13 

0.54 

Gibson 

12 

0.20 

Giles 

12 

94.10 

Fiardeman 

12 

0.78 

Fiardin 

3 

46.87 

Fiaywood 

5 

0.00 

Fienderson 

14 

0.80 

Fienry 

17 

19.73 

Hickman 

7 

94.10 

Houston 

2 

73.00 

Humphreys 

9 

60.73 

Lake 

2 

0.00 

Lauderdale 

7 

0.00 

Lawrence 

18 

94.10 

Lewis 

1 

94.10 

Madison 

22 

0.77 

Maury 

12 

94.10 

McNairy 

22 

13.27 

Montgomery 

18 

94.10 

Obion 

10 

1.40 

Perry 

7 

47.00 

Robertson 

13 

94.10 

Shelby 

73 

0.29 

Stewart 

5 

67.02 

Tipton 

10 

0.00 

Wayne 

10 

81.44 

Weakley 

12 

0.38 

Williamson 

22 

94.10 

422 


Table  291:  Communication  Functionality 


Counties 

#  of  Facilities 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Benton 

64 

78.20 

93.75 

95.85 

99.31 

99.86 

Carroll 

96 

66.91 

86.89 

90.73 

98.07 

99.63 

Cheatham 

71 

93.55 

98.96 

99.43 

99.90 

99.90 

Chester 

35 

77.66 

93.09 

95.19 

98.80 

99.76 

Crockett 

75 

44.15 

65.74 

74.02 

92.65 

98.64 

Davidson 

1,205 

99.50 

99.90 

99.90 

99.90 

99.90 

Decatur 

35 

78.40 

94.00 

96.10 

99.50 

99.90 

Dickson 

138 

93.27 

98.91 

99.40 

99.90 

99.90 

Dyer 

159 

23.46 

34.01 

43.96 

72.48 

95.08 

Fayette 

129 

59.33 

80.37 

85.62 

96.47 

99.33 

Gibson 

245 

36.00 

54.25 

63.66 

86.70 

97.60 

Giles 

104 

99.50 

99.90 

99.90 

99.90 

99.90 

Hardeman 

94 

71.99 

89.86 

92.90 

98.48 

99.70 

Hardin 

107 

78.32 

93.90 

96.00 

99.42 

99.89 

Haywood 

99 

38.99 

59.50 

68.79 

90.38 

98.26 

Henderson 

101 

74.52 

91.68 

94.38 

99.13 

99.83 

Henry 

120 

75.63 

92.19 

94.69 

99.04 

99.80 

Hickman 

76 

93.20 

98.90 

99.40 

99.90 

99.90 

Houston 

24 

86.42 

96.65 

97.89 

99.72 

99.90 

Humphreys 

83 

86.78 

96.77 

97.97 

99.73 

99.90 

Lake 

35 

47.15 

66.55 

72.46 

86.93 

97.64 

Lauderdale 

110 

23.51 

34.10 

44.15 

72.81 

95.12 

Lawrence 

143 

96.11 

99.36 

99.63 

99.90 

99.90 

Lewis 

38 

93.20 

98.90 

99.40 

99.90 

99.90 

Madison 

394 

60.11 

81.55 

86.61 

96.85 

99.39 

Maury 

163 

97.76 

99.62 

99.76 

99.90 

99.90 

McNairy 

95 

78.26 

93.83 

95.93 

99.37 

99.87 

Montgomery 

252 

93.20 

98.90 

99.40 

99.90 

99.90 

Obion 

192 

49.36 

69.89 

76.57 

91.79 

98.50 

Perry 

56 

87.08 

96.84 

98.00 

99.70 

99.89 

Robertson 

151 

99.50 

99.90 

99.90 

99.90 

99.90 

Shelby 

1,596 

45.45 

66.56 

74.34 

92.01 

98.54 

Stewart 

51 

87.40 

96.98 

98.11 

99.74 

99.90 

Tipton 

121 

26.80 

39.96 

50.13 

77.58 

96.00 

Wayne 

63 

93.20 

98.90 

99.40 

99.90 

99.90 

Weakley 

139 

48.80 

70.86 

78.13 

94.04 

98.89 

Williamson 

310 

98.73 

99.78 

99.84 

99.90 

99.90 

423 


Table  292:  Households  without  Potable  Water  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Benton 

6,863 

0.00 

0.00 

0.00 

0.00 

0.00 

Carroll 

11,779 

10.61 

0.42 

0.00 

0.00 

0.00 

Cheatham 

12,878 

0.00 

0.00 

0.00 

0.00 

0.00 

Chester 

5,660 

0.00 

0.00 

0.00 

0.00 

0.00 

Crockett 

5,632 

86.65 

80.43 

53.46 

0.00 

0.00 

Davidson 

237,405 

0.00 

0.00 

0.00 

0.00 

0.00 

Decatur 

4,908 

0.00 

0.00 

0.00 

0.00 

0.00 

Dickson 

16,473 

0.00 

0.00 

0.00 

0.00 

0.00 

Dyer 

14,751 

99.69 

99.67 

99.59 

98.46 

0.00 

Fayette 

10,467 

43.50 

31.31 

4.80 

0.00 

0.00 

Gibson 

19,518 

96.66 

96.24 

95.17 

71.88 

0.00 

Giles 

11,713 

0.00 

0.00 

0.00 

0.00 

0.00 

Hardeman 

9,412 

2.08 

0.00 

0.00 

0.00 

0.00 

Hardin 

10,426 

4.99 

0.00 

0.00 

0.00 

0.00 

Haywood 

7,558 

77.84 

72.03 

54.02 

0.00 

0.00 

Henderson 

10,306 

63.78 

53.90 

24.86 

0.00 

0.00 

Henry 

13,019 

13.84 

1.55 

0.00 

0.00 

0.00 

Hickman 

8,081 

0.00 

0.00 

0.00 

0.00 

0.00 

Houston 

3,216 

0.00 

0.00 

0.00 

0.00 

0.00 

Humphreys 

7,238 

0.00 

0.00 

0.00 

0.00 

0.00 

Lake 

2,410 

97.84 

96.56 

89.71 

0.00 

0.00 

Lauderdale 

9,567 

99.70 

99.66 

99.57 

97.76 

0.00 

Lawrence 

15,480 

0.00 

0.00 

0.00 

0.00 

0.00 

Lewis 

4,381 

0.00 

0.00 

0.00 

0.00 

0.00 

Madison 

35,552 

51.73 

40.35 

11.61 

0.00 

0.00 

Maury 

26444 

0 

0 

0 

0 

0 

McNairy 

9,980 

0.00 

0.00 

0.00 

0.00 

0.00 

Montgomery 

48,330 

0 

0 

0 

0 

0 

Obion 

13,182 

95.06 

94.25 

92.1 

14.72 

0 

Perry 

3,023 

0 

0 

0 

0 

0 

Robertson 

19,906 

0 

0 

0 

0 

0 

Shelby 

338,366 

94.49 

94.27 

93.8 

89.77 

48.7 

Stewart 

4,930 

0 

0 

0 

0 

0 

Tipton 

18,106 

99.2 

99.1 

98.9 

93.71 

0 

Wayne 

5,936 

0 

0 

0 

0 

0 

Weakley 

13,599 

52.53 

40.87 

11.1 

0 

0 

Williamson 

44,725 

0 

0 

0 

0 

0 

424 


Table  293:  Potable  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Benton 

1 

18.35% 

39.26% 

28.68% 

6.10% 

7.59% 

Carroll 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Cheatham 

1 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Chester 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Crockett 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Davidson 

5 

89.79% 

9.43% 

0.74% 

0.02% 

0.00% 

Decatur 

2 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Dickson 

1 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Dyer 

2 

0.05% 

1.38% 

12.78% 

37.11% 

48.66% 

Fayette 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Gibson 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Giles 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Fiardeman 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Fiardin 

1 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Fiaywood 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Fienderson 

2 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Fienry 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Hickman 

1 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Houston 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Humphreys 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Lake 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Lauderdale 

1 

0.04% 

1.22% 

12.47% 

39.93% 

46.32% 

Lawrence 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Lewis 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Madison 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Maury 

2 

69.90% 

23.51% 

6.05% 

0.50% 

0.03% 

McNairy 

1 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Montgomery 

1 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Obion 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Perry 

1 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Robertson 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Shelby 

4 

0.03 

0.20 

0.42 

0.27 

0.07 

Stewart 

1 

0.50 

0.38 

0.11 

0.01 

0.00 

Tipton 

2 

0.00 

0.02 

0.15 

0.40 

0.43 

Wayne 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Weakley 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Williamson 

1 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

425 


Table  294:  Potable  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Benton 

903 

39 

12 

Carroll 

1,288 

154 

97 

Cheatham 

823 

5 

1 

Chester 

639 

29 

13 

Crockett 

624 

620 

283 

Davidson 

3,244 

18 

4 

Decatur 

794 

34 

9 

Dickson 

1,372 

8 

2 

Dyer 

1,097 

3,239 

1,859 

Fayette 

1,485 

305 

233 

Gibson 

1,443 

1,283 

1,130 

Giles 

1,576 

9 

2 

Hardeman 

1,285 

81 

62 

Hardin 

1,363 

52 

79 

Haywood 

1,123 

550 

372 

Henderson 

1,182 

118 

282 

Henry 

1,309 

115 

109 

Hickman 

1,379 

8 

2 

Houston 

536 

10 

2 

Humphreys 

1,114 

6 

2 

Lake 

350 

129 

341 

Lauderdale 

925 

2,941 

1,572 

Lawrence 

1,501 

8 

2 

Lewis 

578 

3 

1 

Madison 

1,379 

227 

255 

Maury 

1,843 

10 

3 

McNairy 

1,249 

57 

26 

Montgomery 

1,976 

11 

3 

Obion 

1,230 

987 

831 

Perry 

807 

4 

1 

Robertson 

1,382 

8 

2 

Shelby 

4,734 

4,547 

2,991 

Stewart 

1,096 

14 

4 

Tipton 

1,097 

2,561 

1,399 

Wayne 

1,352 

7 

2 

Weakley 

1,329 

332 

251 

Williamson 

1,873 

10 

3 

426 


Table  295:  Households  without  Electric  Power  Service 


Counties 

#  of  Households 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Benton 

6,863 

0.00 

0.00 

0.00 

0.00 

0.00 

Carroll 

11,779 

53.43 

27.21 

7.58 

0.98 

0.08 

Cheatham 

12,878 

0.00 

0.00 

0.00 

0.00 

0.00 

Chester 

5,660 

0.00 

0.00 

0.00 

0.00 

0.00 

Crockett 

5,632 

86.12 

60.85 

29.44 

6.76 

0.11 

Davidson 

237,405 

0.00 

0.00 

0.00 

0.00 

0.00 

Decatur 

4,908 

0.00 

0.00 

0.00 

0.00 

0.00 

Dickson 

16,473 

0.00 

0.00 

0.00 

0.00 

0.00 

Dyer 

14,751 

95.20 

85.55 

63.54 

23.70 

0.10 

Fayette 

10,467 

77.80 

47.24 

18.42 

3.50 

0.10 

Gibson 

19,518 

89.17 

67.98 

38.01 

10.57 

0.10 

Giles 

11,713 

0.00 

0.00 

0.00 

0.00 

0.00 

Hardeman 

9,412 

36.68 

18.68 

5.21 

0.68 

0.05 

Hardin 

10,426 

0.00 

0.00 

0.00 

0.00 

0.00 

Haywood 

7,558 

88.67 

65.71 

33.77 

8.02 

0.11 

Henderson 

10,306 

9.34 

4.75 

1.33 

0.17 

0.01 

Henry 

13,019 

17.69 

9.13 

2.70 

0.45 

0.02 

Hickman 

8,081 

0.00 

0.00 

0.00 

0.00 

0.00 

Houston 

3,216 

0.00 

0.00 

0.00 

0.00 

0.00 

Humphreys 

7,238 

0.00 

0.00 

0.00 

0.00 

0.00 

Lake 

2,410 

58.71 

40.46 

21.99 

7.84 

0.08 

Lauderdale 

9,567 

94.91 

84.37 

61.23 

22.09 

0.10 

Lawrence 

15,480 

0.00 

0.00 

0.00 

0.00 

0.00 

Lewis 

4,381 

0.00 

0.00 

0.00 

0.00 

0.00 

Madison 

35,552 

75.13 

42.52 

14.54 

2.56 

0.10 

Maury 

26,444 

0.00 

0.00 

0.00 

0.00 

0.00 

McNairy 

9,980 

0.00 

0.00 

0.00 

0.00 

0.00 

Montgomery 

48,330 

0.00 

0.00 

0.00 

0.00 

0.00 

Obion 

13,182 

80.76 

53.02 

25.12 

6.93 

0.10 

Perry 

3,023 

0.00 

0.00 

0.00 

0.00 

0.00 

Robertson 

19,906 

0.00 

0.00 

0.00 

0.00 

0.00 

Shelby 

338,366 

84.64 

58.32 

27.66 

6.63 

0.10 

Stewart 

4,930 

0.00 

0.00 

0.00 

0.00 

0.00 

Tipton 

18,106 

93.78 

80.59 

55.11 

18.73 

0.10 

Wayne 

5,936 

0.00 

0.00 

0.00 

0.00 

0.00 

Weakley 

13,599 

82.35 

53.59 

22.44 

4.38 

0.10 

Williamson 

44,725 

0.00 

0.00 

0.00 

0.00 

0.00 
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Table  296:  Waste  Water  Facility  Damage 


Counties 

#  of 

Facilities 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Benton 

18 

19.50% 

41.71% 

30.46% 

6.48% 

1.82% 

Carroll 

22 

9.57% 

33.63% 

39.76% 

14.03% 

3.00% 

Cheatham 

10 

53.98% 

34.77% 

10.29% 

0.88% 

0.05% 

Chester 

6 

18.81% 

40.24% 

29.39% 

6.25% 

5.28% 

Crockett 

5 

2.0% 

14.8% 

36.5% 

30.7% 

16.0% 

Davidson 

64 

89.79% 

9.43% 

0.74% 

0.02% 

0.00% 

Decatur 

12 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Dickson 

16 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Dyer 

20 

0.05% 

1.33% 

12.62% 

37.68% 

48.30% 

Fayette 

18 

6.39% 

26.38% 

38.27% 

19.31% 

9.63% 

Gibson 

20 

1.04% 

10.01% 

32.40% 

35.28% 

21.26% 

Giles 

15 

89.8% 

9.4% 

0.7% 

0.0% 

0.0% 

Fiardeman 

18 

13.84% 

36.73% 

35.06% 

10.48% 

3.88% 

Hardin 

18 

19.27% 

41.22% 

30.11% 

6.41% 

2.98% 

Haywood 

23 

0.8% 

9.4% 

33.2% 

36.5% 

20.1% 

Henderson 

13 

18.88% 

41.50% 

31.60% 

7.20% 

0.81% 

Henry 

28 

15.76% 

38.91% 

34.43% 

9.53% 

1.36% 

Hickman 

9 

50.0% 

37.6% 

11.4% 

1.0% 

0.1% 

Houston 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Humphreys 

20 

30.32% 

40.59% 

24.01% 

4.61% 

0.46% 

Lake 

3 

3.01% 

18.55% 

35.90% 

20.47% 

22.06% 

Lauderdale 

15 

0.05% 

1.35% 

12.78% 

38.85% 

46.94% 

Lawrence 

9 

63.26% 

28.20% 

7.81% 

0.66% 

0.04% 

Lewis 

5 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Madison 

29 

5.51% 

25.24% 

39.13% 

18.94% 

11.16% 

Maury 

28 

74.16% 

20.49% 

4.91% 

0.40% 

0.02% 

McNairy 

10 

19.73% 

42.20% 

30.82% 

6.56% 

0.67% 

Montgomery 

22 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Obion 

21 

2.08% 

13.53% 

33.21% 

29.40% 

21.75% 

Perry 

7 

45.68% 

38.25% 

14.13% 

1.78% 

0.15% 

Robertson 

15 

89.79% 

9.43% 

0.74% 

0.02% 

0.00% 

Shelby 

117 

2.16% 

14.88% 

35.41% 

28.68% 

18.84% 

Stewart 

11 

44.50% 

38.43% 

14.89% 

1.99% 

0.17% 

Tipton 

26 

0.16% 

2.92% 

18.50% 

39.70% 

38.70% 

Wayne 

7 

50.00% 

37.59% 

11.35% 

0.98% 

0.06% 

Weakley 

38 

3.17% 

19.94% 

40.49% 

25.12% 

11.26% 

Williamson 

24 

84.82% 

12.95% 

2.07% 

0.14% 

0.01% 
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Table  297:  Waste  Water  Pipeline  Damage 


Counties 

Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

Benton 

542 

31 

10 

Carroll 

773 

122 

77 

Cheatham 

494 

4 

1 

Chester 

384 

23 

11 

Crockett 

374 

491 

224 

Davidson 

1,947 

14 

4 

Decatur 

476 

27 

7 

Dickson 

823 

6 

1 

Dyer 

658 

2,562 

1,471 

Fayette 

891 

241 

184 

Gibson 

866 

1,014 

894 

Giles 

946 

7 

2 

Hardeman 

771 

64 

49 

Hardin 

818 

41 

63 

Haywood 

674 

435 

294 

Henderson 

709 

93 

223 

Henry 

785 

91 

86 

Hickman 

827 

6 

1 

Houston 

322 

8 

2 

Humphreys 

668 

5 

1 

Lake 

210 

102 

269 

Lauderdale 

555 

2,326 

1,243 

Lawrence 

900 

6 

2 

Lewis 

347 

3 

1 

Madison 

827 

180 

202 

Maury 

1,106 

8 

2 

McNairy 

750 

45 

21 

Montgomery 

1,186 

9 

2 

Obion 

738 

781 

657 

Perry 

484 

3 

1 

Robertson 

829 

6 

1 

Shelby 

2,840 

3,596 

2,366 

Stewart 

658 

11 

3 

Tipton 

658 

2,025 

1,107 

Wayne 

811 

6 

1 

Weakley 

797 

262 

198 

Williamson 

1,124 

8 

2 
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Table  298:  Highway  Bridge  Damage 


Counties 

#  of 
Bridge 

None 

(%) 

Slight 

(%) 

Moderate 

(%) 

Extensive 

(%) 

Complete 

(%) 

Benton 

52 

90.39% 

5.23% 

0.30% 

0.19% 

3.87% 

Carroll 

122 

73.88% 

5.76% 

3.74% 

4.70% 

11.89% 

Cheatham 

38 

96.77% 

1.97% 

0.78% 

0.41% 

0.06% 

Chester 

41 

69.63% 

7.37% 

5.16% 

6.75% 

11.07% 

Crockett 

56 

37.99% 

10.99% 

8.89% 

13.26% 

28.85% 

Davidson 

521 

98.52% 

0.82% 

0.37% 

0.23% 

0.03% 

Decatur 

39 

87.00% 

6.26% 

2.15% 

2.31% 

2.25% 

Dickson 

68 

97.41% 

1.45% 

0.69% 

0.37% 

0.05% 

Dyer 

121 

11.92% 

8.81% 

7.76% 

15.10% 

56.39% 

Fayette 

129 

66.43% 

5.31% 

4.79% 

7.81% 

15.65% 

Gibson 

141 

46.26% 

9.07% 

7.84% 

11.62% 

25.19% 

Giles 

117 

98.01% 

1.26% 

0.45% 

0.23% 

0.03% 

Hardeman 

90 

65.65% 

7.59% 

5.33% 

7.13% 

14.28% 

Hardin 

58 

82.72% 

10.12% 

0.67% 

0.39% 

6.08% 

Haywood 

133 

40.32% 

10.85% 

8.24% 

12.89% 

27.68% 

Henderson 

89 

76.47% 

7.33% 

4.51% 

5.76% 

5.90% 

Henry 

86 

74.02% 

8.36% 

4.06% 

5.17% 

8.35% 

Hickman 

71 

98.55% 

0.93% 

0.31% 

0.17% 

0.02% 

Houston 

22 

96.33% 

2.37% 

0.82% 

0.41% 

0.06% 

Humphreys 

66 

96.42% 

2.77% 

0.50% 

0.26% 

0.03% 

Lake 

14 

48.79% 

8.68% 

5.30% 

6.68% 

30.52% 

Lauderdale 

94 

12.95% 

8.94% 

8.23% 

16.49% 

53.36% 

Lawrence 

43 

97.96% 

1.26% 

0.48% 

0.25% 

0.03% 

Lewis 

21 

97.49% 

1.65% 

0.54% 

0.27% 

0.03% 

Madison 

145 

62.58% 

9.18% 

6.15% 

7.99% 

14.08% 

Maury 

147 

98.40% 

1.00% 

0.36% 

0.20% 

0.03% 

McNairy 

90 

80.69% 

7.33% 

2.80% 

3.24% 

5.92% 

Montgomery 

80 

98.38% 

1.06% 

0.34% 

0.18% 

0.02% 

Obion 

144 

40.99% 

9.80% 

7.13% 

12.34% 

29.71% 

Perry 

36 

91.69% 

6.83% 

0.45% 

0.97% 

0.05% 

Robertson 

79 

98.77% 

0.82% 

0.24% 

0.13% 

0.02% 

Shelby 

436 

28.61% 

8.86% 

7.74% 

16.26% 

38.50% 

Stewart 

70 

94.51% 

2.61% 

1.06% 

1.02% 

0.77% 

Tipton 

54 

23.71% 

7.95% 

8.91% 

17.31% 

42.10% 

Wayne 

44 

97.70% 

1.57% 

0.45% 

0.23% 

0.03% 

Weakley 

131 

60.46% 

6.77% 

5.63% 

8.00% 

19.11% 

Williamson 

127 

96.84% 

1.94% 

0.76% 

0.40% 

0.05% 
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Table  299:  Highway  Bridge  Functionality 


Counties 

#  of  Bridges 

At  day  1 

(%) 

At  day  3 
(%) 

At  day  7 
(%) 

At  day  30 
(%) 

At  day  90 
(%) 

Benton 

52 

94.43 

95.82 

95.94 

96.02 

96.38 

Carroll 

122 

79.63 

82.18 

83.66 

84.42 

87.54 

Cheatham 

38 

98.43 

99.16 

99.46 

99.51 

99.72 

Chester 

41 

77.06 

80.43 

82.45 

83.45 

87.55 

Crockett 

56 

49.78 

55.16 

58.72 

60.71 

69.23 

Davidson 

521 

99.21 

99.51 

99.65 

99.69 

99.80 

Decatur 

39 

92.38 

94.58 

95.43 

95.76 

97.05 

Dickson 

68 

98.66 

99.21 

99.48 

99.55 

99.73 

Dyer 

121 

22.35 

26.89 

30.08 

32.53 

43.83 

Fayette 

129 

72.33 

75.08 

76.99 

78.13 

83.05 

Gibson 

141 

56.18 

60.77 

63.89 

65.64 

73.11 

Giles 

117 

99.03 

99.47 

99.65 

99.69 

99.80 

Hardeman 

90 

73.36 

76.83 

78.94 

80.03 

84.52 

Hardin 

58 

90.57 

93.31 

93.57 

93.72 

94.32 

Haywood 

133 

51.79 

56.93 

60.23 

62.14 

70.42 

Henderson 

89 

83.54 

86.71 

88.50 

89.30 

92.54 

Henry 

86 

81.76 

85.05 

86.66 

87.43 

90.55 

Hickman 

71 

99.30 

99.61 

99.73 

99.75 

99.83 

Houston 

22 

98.30 

99.13 

99.45 

99.51 

99.72 

Humphreys 

66 

98.60 

99.43 

99.63 

99.66 

99.79 

Lake 

14 

57.61 

61.30 

63.46 

64.74 

70.11 

Lauderdale 

94 

23.61 

28.33 

31.69 

34.27 

46.05 

Lawrence 

43 

98.99 

99.44 

99.63 

99.67 

99.79 

Lewis 

21 

98.83 

99.40 

99.61 

99.65 

99.78 

Madison 

145 

71.75 

75.86 

78.29 

79.49 

84.39 

Maury 

147 

99.21 

99.55 

99.69 

99.72 

99.82 

McNairy 

90 

87.16 

89.83 

90.94 

91.44 

93.44 

Montgomery 

80 

99.23 

99.59 

99.72 

99.74 

99.82 

Obion 

144 

51.37 

55.94 

58.82 

60.65 

68.79 

Perry 

36 

96.94 

98.76 

98.94 

99.04 

99.52 

Robertson 

79 

99.42 

99.68 

99.77 

99.79 

99.85 

Shelby 

436 

38.78 

43.31 

46.47 

48.80 

59.48 

Stewart 

70 

96.77 

97.73 

98.15 

98.29 

98.85 

Tipton 

54 

33.65 

38.28 

41.91 

44.44 

55.87 

Wayne 

44 

98.96 

99.48 

99.65 

99.68 

99.80 

Weakley 

131 

67.78 

71.13 

73.37 

74.63 

79.87 

Williamson 

127 

98.47 

99.17 

99.46 

99.52 

99.72 
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Appendix  VI:  Social  Impacts  and  Economic  Losses 


The  results  presented  in  this  appendix  are  a  more  comprehensive  representation  of  the 
information  presented  in  the  main  section  of  this  report.  Each  state  is  discussed  individually  and 
results  are  not  summed  over  all  States  since  different  scenarios  are  employed  for  each.  Only 
social  impacts,  induced  damage  and  economic  losses  are  explained  herein.  All  damage  to 
infrastructure  is  dealt  with  in  another  appendix.  Social  impacts  and  economic  losses  are  shown 
for  both  critical  counties  and  statewide  totals.  Social  impacts  include  displaced  population  and 
short-term  shelter  estimates  as  well  as  feeding  and  space  requirements  for  the  temporary  shelter 
population.  Economic  losses  are  shown  for  buildings,  transportation  lifelines  and  utility  lifelines. 
The  only  form  of  induced  damage  included  here  is  debris  generation.  Maps  of  social  impacts  and 
economic  losses  are  not  illustrated  here,  though  are  presented  in  another  appendix.  Numerous 
tables  are  provided,  however,  to  illustrate  social  impacts  and  economic  losses  in  each  State. 
Additionally,  social  impacts  and  economic  loss  results  both  scenarios  in  Alabama  and  Indiana 
are  presented  herein. 


Alabama  -  New  Madrid  Seismic  Zone  Scenario 

Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include  displaced 
population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the  shelter-seeking 
population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  112  thousand  tons  of  debris,  which  will  require 
4,480  truckloads,  each  with  25-ton  capacity,  to  remove.  Of  the  debris,  78%  (87  thousand  tons) 
will  be  bricks,  wood,  and  building  contents,  with  steel  and  concrete  comprising  the  balance  (25 
thousand  tons). 

There  are  roughly  4.4  million  people  that  reside  in  the  State  of  Alabama.  A  Mw7.7  event  in  the 
NMSZ  displaces  27  people  with  the  majority  of  those  people  living  in  the  12  critical  counties. 
This  estimate  is  only  based  on  structural  damage.  If  utility  service  interruptions  are  considered, 
the  estimates  of  displaced  people  will  be  substantially  greater.  Based  on  the  demographic 
makeup  of  Alabama  it  is  estimated  that  5  of  the  displaced  residents  will  seek  public  shelter.  The 
remainder  of  the  displaced  population  will  seek  shelter  with  family  or  friends.  To  accommodate 
these  people,  a  total  area  of  2,400  square  feet  will  be  required,  with  300  square  feet  utilized 
exclusively  for  sleeping.  The  balance  of  the  area  is  reserved  for  supporting  services.  Space  would 
be  provided  for  5  beds  or  cots.  For  more  detailed  estimates  of  displaced  population  and  the 
requirements  of  that  population,  please  see  the  tables  at  the  conclusion  of  this  scenario  discussion. 
During  the  first  week  post-event,  the  temporary  shelter  population  will  require  35  gallons  of 
water,  380  pounds  of  ice,  and  70  MRE’s  (meals  ready  to  eat)  in  total.  Quantities  are  displayed  for 
the  12  critical  counties  for  feeding,  ice,  and  sleeping  space  requirements. 
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Table  1:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

12  Critical  Counties 

624, 368 

24 

5 

Remaining  Counties 

3,822,732 

3 

0 

Total  State 

4,447,100 

27 

5 

Table  2:  Worst  Case  Casualties  -  Event  Occurs  at  5:00  PM 


Worst  Case  Casualties  (5:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

12  Critical  Counties 

29 

3 

1 

0 

32 

Other  Remaining  Counties 

39 

6 

8 

2 

56 

Total  State 

68 

9 

9 

2 

88 

Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent  three 
distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00  AM,  the 
majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are  commuting  at  5:00  PM. 
The  NMSZ  event  in  Alabama  results  in  the  greatest  number  of  casualties  if  the  event  occurs  at 
5:00  PM.  A  total  of  88  casualties  are  expected  from  this  event.  There  are  two  estimated  fatalities 
and  those  occur  outside  the  critical  counties,  though  it  is  very  unlikely  that  these  fatalities  occur. 
The  value  estimated  is  likely  due  to  the  addition  of  very  small  casualty  likelihoods  over  a  large 
area.  Roughly  70  people  are  expected  to  experience  minor  injuries,  termed  a  ‘Level  1’  casualty. 
The  descriptions  of  each  casualty  severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology.  Severity 
levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality.  Listed  below  are 
HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications  (colors)  defined  with 
descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical  attention  but 
hospitalization  is  not  needed;  injuries  should  be  rechecked  frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can  become  life 
threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 
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Estimated  number  of  displaced  people  with  chronic 
illnesses 
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Figure  1:  Estimated  Number  of  Displaced  People  with  Chronic  Illnesses 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the  chronically  ill  are 
of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the  population  post-event.  By 
combining  estimates  of  the  displaced  population  (27  people)  and  the  prevalence  of  chronic 
conditions  within  Alabama  (Milken  Institute,  2007),  it  is  estimated  that  there  will  be 
approximately  17  chronic  cases  that  need  to  be  cared  for  within  the  displaced  population.  It  is 
possible  that  a  person  may  suffer  from  more  than  one  condition.  Furthermore,  medical  needs 
such  as  eyeglasses,  walkers,  hearing  aids,  and  dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups;  buildings, 
transportation  and  utilities.  Residential  occupancy  represents  the  largest  portion  of  direct 
economic  building  loss  in  comparison  to  all  other  occupancy  types.  Figure  2  illustrates  the 
building  loss  ratios  for  the  entire  State  of  Alabama.  Loss  ratios  indicate  the  percentage  of 
building  dollar  value  lost  due  to  seismic  activity.  This  percentage  indicates  the  structural  and 
non-structural  building  value  lost  in  comparison  to  the  total  value  of  all  buildings  prior  to 
damage.  Loss  ratios  are  an  excellent  indicator  of  relative  economic  loss  because  the  value  lost  is 
correlated  to  the  total  value  of  buildings,  as  opposed  to  an  absolute  scale  of  dollar  value  lost 
which  can  be  skewed  by  greater  building  values  in  a  census  tract.  The  greatest  loss  ratios  are 
estimated  at  5%,  and  appear  to  occur  randomly  throughout  the  state.  This  is  due  to  the  constant 
and  low  level  of  shaking  throughout  nearly  the  entire  state.  Though  any  damage  that  occurs  will 
be  minor,  there  is  still  a  replacement  cost  associated  with  the  damage.  In  counties  where  the 
value  of  buildings  is  not  high,  the  ratio  of  the  cost  associated  with  minor  repairs  to  buildings  will 
be  greater  than  in  areas  where  the  value  of  the  built  environment  is  greater.  Non-structural 
damage,  including  damage  to  finishes,  drywall,  and  flooring  surfaces,  total  over  $210  million,  or 
over  50%  of  total  building  losses.  Structural  losses  only  contribute  to  10%  of  all  building  losses. 
The  remaining  building  losses  are  attributed  to  non-structural  and  business  interruption  losses. 

Total  direct  economic  losses  for  the  state  reach  nearly  $1.1  billion  for  the  NMSZ  Mw7.7  event. 
The  majority  of  losses  are  attributed  to  utility  losses;  $569  million,  or  nearly  55%  of  total  direct 
losses  (see  Table  6).  The  large  amount  of  loss  to  the  utility  systems  is  due  to  slight  damage  to  a 
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very  large  inventory  of  utility  components.  Transportation  and  building  losses  contribute  far  less, 
with  roughly  9%  and  38%  of  the  total  losses,  respectively. 


Table  3:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

0.35 

10.45 

0.45 

0.67 

11.92 

Capital- 

Related 

0.00 

0.16 

7.47 

0.28 

0.16 

8.06 

Rental 

0.76 

2.23 

8.05 

0.12 

0.08 

11.23 

Relocation 

0.07 

0.12 

0.42 

0.01 

0.04 

0.66 

Subtotal 

0.83 

2.86 

26.39 

0.86 

0.95 

31.88 

Capital  Stock  Loses 

Structural 

6.70 

12.39 

17.68 

1.83 

1.17 

39.77 

Non-Structural 

73.10 

43.25 

80.14 

10.14 

6.33 

212.96 

Content 

40.39 

11.49 

50.23 

6.87 

4.09 

113.07 

Inventory 

0.00 

0.00 

4.27 

1.91 

0.06 

6.25 

Subtotal 

120.19 

67.14 

152.32 

20.75 

11.65 

372.05 

Total 

121.01 

70.00 

178.71 

21.61 

12.60 

403.93 

Table  4:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio  (%) 

Highway 

Segments 

80,718.01 

0.00 

0.00 

Bridges 

11,932.03 

22.50 

0.19 

Tunnels 

0.00 

0.00 

0.00 

Railways 

Segments 

4,228.50 

0.00 

0.00 

Bridges 

10.27 

0.00 

0.00 

Facilities 

213.86 

3.52 

1.65 

Bus 

Facilities 

23.54 

0.58 

2.48 

Light  Rail 

Segments 

0.00 

0.00 

0.00 

Facilities 

0.00 

0.00 

0.00 

Ferry 

Facilities 

6.74 

6.74 

100.00 

Port 

Facilities 

629.80 

11.80 

1.87 

Airport 

Facilities 

2,300.45 

50.51 

2.20 

Runways 

8,167.82 

0.00 

0.00 

Total 

108,231.00 

95.70 
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Table  5:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio  (%) 

Potable  Water 

Facilities 

899.10 

5.43 

0.60 

Distribution  Lines 

4,017.90 

3.25 

0.08 

Waste  Water 

Facilities 

24,575.40 

116.18 

0.47 

Distribution  Lines 

2,410.75 

2.57 

0.11 

Natural  Gas 

Facilities 

361.00 

1.87 

0.52 

Local  Pipelines 

1,607.10 

2.75 

0.17 

Regional  Pipelines 

4,926.40 

0.02 

0.00 

Oil  Systems 

Facilities 

10.10 

0.04 

0.00 

Regional  Pipelines 

1,645.40 

0.00 

0.00 

Electrical  Power 

Facilities 

141,075.00 

430.50 

0.31 

Communication 

Facilities 

1,380.70 

6.18 

0.45 

Total 

182,908.80 

568.77 

Table  6:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$269,580,000,000 

$403,930,000 

Transportation 

$108,231,000,000 

$95,700,000 

Utility 

$182,908,800,000 

$568,770,000 

Total 

$559,819,800,000 

$1,068,400,000 
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Figure  2:  Loss  Ratio  (%  of  Total  Building  Assets) 
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Additional  information  on  social  impacts  for  the  12  critical  counties  is  illustrated  in  the 
following  tables. 


Table  7:  Time-of-Day  Casualties,  5:00  PM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Colbert 

5 

0 

0 

0 

5 

Cullman 

1 

0 

0 

0 

1 

Fayette 

2 

0 

0 

0 

2 

Franklin 

2 

0 

0 

0 

2 

Lamar 

2 

0 

0 

0 

2 

Lauderdale 

9 

1 

0 

0 

10 

Lawrence 

0 

0 

0 

0 

0 

Limestone 

1 

0 

0 

0 

1 

Marion 

3 

0 

0 

0 

3 

Morgan 

1 

0 

0 

0 

1 

Walker 

1 

0 

0 

0 

1 

Winston 

2 

0 

0 

0 

2 

Table  8:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Colbert 

54,984 

5 

1 

Cullman 

77,483 

0 

0 

Fayette 

18,495 

1 

0 

Franklin 

31,223 

1 

0 

Lamar 

15,904 

1 

0 

Lauderdale 

87,966 

13 

4 

Lawrence 

34,803 

0 

0 

Limestone 

65,676 

0 

0 

Marion 

31,214 

2 

0 

Morgan 

111,064 

0 

0 

Walker 

70,713 

0 

0 

Winston 

24,843 

1 

0 
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Table  9:  Shelter  Requirements 


Counties 

Total 

Space 

Required  (sq. 
ft.) 

Sleeping 
Space 
Required 
(sq.  ft.) 

Water 
Required 
Week  1 
(gallons) 

Ice 

Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Colbert 

480 

60 

35 

56 

14 

Cullman 

0 

0 

0 

0 

0 

Fayette 

0 

0 

0 

0 

0 

Franklin 

0 

0 

0 

0 

0 

Lamar 

0 

0 

0 

0 

0 

Lauderdale 

1,920 

240 

140 

224 

56 

Lawrence 

0 

0 

0 

0 

0 

Limestone 

0 

0 

0 

0 

0 

Marion 

0 

0 

0 

0 

0 

Morgan 

0 

0 

0 

0 

0 

Walker 

0 

0 

0 

0 

0 

Winston 

0 

0 

0 

0 

0 

Table  10:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Colbert 

6.06 

2.48 

8.54 

Cullman 

0.85 

0.16 

1.01 

Fayette 

2.61 

1.10 

3.71 

Franklin 

1.72 

0.58 

2.30 

Lamar 

2.78 

1.04 

3.82 

Lauderdale 

10.36 

4.16 

14.52 

Lawrence 

0.34 

0.05 

0.40 

Limestone 

0.57 

0.09 

0.67 

Marion 

2.96 

1.16 

4.13 

Morgan 

1.14 

0.22 

1.36 

Walker 

0.83 

0.15 

0.98 

Winston 

2.51 

1.00 

3.51 
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Alabama  -  East  Tennessee  Seismic  Zone  Scenario 


Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  146  thousand  tons  of  debris,  which  will 
require  5,840  truckloads,  each  with  25-ton  capacity,  to  remove.  Of  the  debris,  58%  (85 
thousand  tons)  will  be  bricks,  wood,  and  building  contents,  with  steel  and  concrete 
comprising  the  balance  (61  thousand  tons). 

There  are  roughly  4.4  million  people  that  reside  in  the  State  of  Alabama.  A  Mw5.9  event 
in  the  ETSZ  displaces  1,625  people  all  of  whom  reside  in  the  13  critical  counties.  This 
estimate  is  only  based  on  structural  damage.  If  utility  service  interruptions  are  considered, 
the  estimates  of  displaced  people  will  be  substantially  greater.  Based  on  the  demographic 
makeup  of  Alabama  it  is  estimated  that  440  of  the  displaced  residents  will  seek  public 
shelter.  The  remainder  of  the  displaced  population  will  seek  shelter  with  family  or  friends. 
To  accommodate  these  people,  a  total  area  of  211,200  square  feet  will  be  required,  with 
26,400  square  feet  utilized  exclusively  for  sleeping.  The  balance  of  the  area  is  reserved 
for  supporting  services.  Space  would  be  provided  for  440  beds  or  cots.  For  more  detailed 
estimates  of  displaced  population  and  the  requirements  of  that  population,  please  see  the 
tables  at  the  conclusion  of  this  scenario  discussion.  During  the  first  week  post-event,  the 
temporary  shelter  population  will  require  15,400  gallons  of  water,  24,640  pounds  of  ice, 
and  approximately  6,160  MRE’s  (meals  ready  to  eat)  in  total.  Quantities  are  displayed  for 
the  13  critical  counties  for  feeding,  ice,  and  sleeping  space  requirements. 


Table  11:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

13  Critical  Counties 

1,751,879 

1,625 

440 

Remaining  Counties 

2,695,221 

0 

0 

Total  State 

4,447,100 

1,625 

440 

Table  12:  Worst  Case  Casualties  -  Event  Occurs  at  2:00  AM 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

13  Critical  Counties 

153 

32 

3 

4 

192 

Other  Remaining  Counties 

1 

0 

0 

0 

1 

Total  for  State  of  Alabama 

154 

32 

3 

4 

193 

440 


Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00 
AM,  the  majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are 
commuting  at  5:00  PM.  The  ETSZ  event  in  Alabama  results  in  the  greatest  number  of 
casualties  if  the  event  occurs  at  2:00  AM.  A  total  of  193  casualties  are  expected  from  this 
event.  There  are  4  estimated  fatalities  and  those  occur  within  the  critical  counties.  It  is 
very  unlikely  that  fatalities  occur  outside  the  critical  counties.  The  value  estimated  for 
casualties  is  likely  due  to  the  addition  of  very  small  casualty  likelihoods  over  a  large  area. 
Roughly  154  people  are  expected  to  experience  minor  injuries,  termed  a  ‘Level  1’ 
casualty.  The  descriptions  of  each  casualty  severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  sever  and  black  for  a  fatality.  Listed 
below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications  (colors) 
defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 


Estimated  number  of  displaced  people  with  chronic  illnesses 
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Figure  3:  Estimated  Number  of  Displaced  People  with  Chronic  Illnesses 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (1,625 
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people)  and  the  prevalence  of  chronic  conditions  within  Alabama  (Milken  Institute,  2007), 
it  is  estimated  that  there  will  be  approximately  1,050  chronic  cases  that  need  to  be  cared 
for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer  from  more  than 
one  condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers,  hearing  aids,  and 
dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups; 
buildings,  transportation  and  utilities.  Residential  occupancy  represents  the  largest 
portion  of  direct  economic  building  loss  in  comparison  to  all  other  occupancy  types. 
Figure  4  illustrates  the  building  loss  ratios  for  the  entire  State  of  Alabama.  Loss  ratios 
indicate  the  percentage  of  building  dollar  value  lost  due  to  seismic  activity.  This 
percentage  indicates  the  structural  and  non-structural  building  value  lost  in  comparison  to 
the  total  value  of  all  buildings  prior  to  damage.  Loss  ratios  are  an  excellent  indicator  of 
relative  economic  loss  because  the  value  lost  is  correlated  to  the  total  value  of  buildings, 
as  opposed  to  an  absolute  scale  of  dollar  value  lost  which  can  be  skewed  by  greater 
building  values  in  a  census  tract.  The  greatest  loss  ratio  is  estimated  at  nearly  10%  and 
occurs  in  the  northeastern  portion  of  the  state.  Though  any  damage  that  occurs  will  not  be 
complete  damage  there  is  still  a  replacement  cost  associated  with  the  damage.  In  counties 
where  the  value  of  buildings  is  not  high  the  ratio  of  the  cost  associated  with  minor  repairs 
to  buildings  will  be  greater  than  in  areas  where  the  value  of  the  built  environment  is 
greater.  Non-structural  damage,  including  damage  to  finishes,  drywall,  and  flooring 
surfaces,  total  over  $216  million  or  over  50%  of  total  building  losses.  Structural  losses 
only  contribute  to  1 1%  of  all  building  losses.  The  remaining  building  losses  are  attributed 
to  non-structural  and  business  interruption  losses. 


Table  13:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.0 

0.62 

6.66 

1.73 

0.29 

9.30 

Capital- 

Related 

0.0 

0.27 

5.02 

1.05 

0.08 

6.42 

Rental 

4.85 

3.90 

4.18 

0.57 

0.10 

13.60 

Relocation 

0.53 

0.14 

0.24 

0.01 

0.04 

0.96 

Subtotal 

5.38 

4.93 

16.10 

3.36 

0.51 

30.28 

Capital  Stock  Loses 

Structural 

22.14 

8.79 

9.24 

4.77 

0.92 

45.86 

Non-Structural 

117.8 

36.95 

41.95 

15.76 

3.49 

215.95 

Content 

49.74 

9.69 

31.12 

11.97 

2.34 

104.86 

Inventory 

0.0 

0.0 

2.82 

4.22 

0.06 

7.10 

Subtotal 

189.68 

55.43 

85.13 

36.72 

6.81 

373.77 

Total 

195.06 

60.36 

101.23 

40.08 

7.32 

404.05 

Total  direct  economic  losses  for  the  state  reach  nearly  $700  million  from  the  ETSZ  M5.9 
event.  The  majority  of  losses  are  attributed  to  building  losses,  $404  million,  or  nearly 
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60%  of  total  direct  losses  (see  Table  16).  Furthermore,  utility  losses  contribute  to  36%  of 
the  total  losses  while  transportation  contributes  far  less,  with  roughly  6%  of  the  total 
losses. 


Table  14:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%) 

Highway 

Segments 

80,718.01 

0.09 

0.00 

Bridges 

11,932.03 

2.86 

0.02 

Tunnels 

0.00 

0.00 

0.00 

Railways 

Segments 

4,228.50 

0.00 

0.00 

Bridges 

10.27 

0.00 

0.00 

Facilities 

213.86 

1.20 

0.56 

Bus 

Facilities 

23.54 

0.12 

0.52 

Ferry 

Facilities 

6.74 

6.74 

100.00 

Port 

Facilities 

629.80 

2.31 

0.37 

Airport 

Facilities 

2,300.45 

26.66 

1.16 

Runways 

8,167.82 

0.00 

0.00 

Total 

108,231.02 

39.98 

Table  15:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value  Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

899.10 

10.30 

1.15 

Distribution  Lines 

4,017.90 

1.09 

0.03 

Waste  Water 

Facilities 

24,575.40 

100.76 

0.41 

Distribution  Lines 

2,410.70 

0.86 

0.04 

Natural  Gas 

Facilities 

361.00 

0.23 

0.06 

Local  Pipelines 

1,607.10 

0.92 

0.06 

Regional  Pipelines 

4,926.40 

0.00 

0.00 

Oil  Systems 

Facilities 

10.10 

0.00 

0.02 

Regional  Pipelines 

1,645.40 

0.00 

0.00 

Electrical  Power 

Facilities 

141,075.00 

133.62 

0.09 

Communication 

Facilities 

1,380.70 

6.62 

0.48 

Total 

182,908.80 

254.40 

Table  16:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$269,580,000,000 

$404,030,000 

Transportation 

$108,231,020,000 

$39,980,000 

Utility 

$182,908,800,000 

$254,400,000 

Total 

$560,719,820,000 

$698,410,000 
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Additional  information  on  social  impacts  for  the  1 3  critical  counties  is  illustrated  in  the 
following  tables. 


Table  17:  Time-of-Day  Casualties,  2:00  AM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Latality) 

Total 

Casualties 

Blount 

0 

0 

0 

0 

0 

Calhoun 

1 

0 

0 

0 

1 

Cherokee 

9 

1 

0 

0 

10 

Dekalb 

54 

8 

1 

1 

64 

Etowah 

51 

14 

1 

2 

58 

Jackson 

36 

9 

1 

1 

47 

Jefferson 

0 

0 

0 

0 

0 

Limestone 

0 

0 

0 

0 

0 

Madison 

1 

0 

0 

0 

1 

Marshall 

1 

0 

0 

0 

1 

Morgan 

0 

0 

0 

0 

0 

Saint  Clair 

0 

0 

0 

0 

0 

Talladega 

0 

0 

0 

0 

0 

Table  18:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Blount 

51,024 

0 

0 

Calhoun 

112,249 

0 

0 

Cherokee 

23,988 

4 

1 

Dekalb 

64,452 

263 

75 

Etowah 

103,459 

803 

225 

Jackson 

53,926 

555 

139 

Jefferson 

662,047 

0 

0 

Limestone 

65,676 

0 

0 

Madison 

276,700 

0 

0 

Marshall 

82,231 

0 

0 

Morgan 

111,064 

0 

0 

Saint  Clair 

64,742 

0 

0 

Talladega 

80,321 

0 

0 
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Table  19:  Shelter  Requirements 


Counties 

Total 

Space 

Required  (sq. 
ft.) 

Sleeping 
Space 
Required 
(sq.  ft.) 

Water 
Required 
Week  1 
(gallons) 

Ice 

Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Blount 

0 

0 

0 

0 

0 

Calhoun 

0 

0 

0 

0 

0 

Cherokee 

480 

60 

35 

56 

14 

Dekalb 

36,000 

4,500 

2,625 

4,200 

1,050 

Etowah 

108,000 

13,500 

7,875 

12,600 

3,150 

Jackson 

66,720 

8,340 

4,865 

7,784 

1,946 

Jefferson 

0 

0 

0 

0 

0 

Limestone 

0 

0 

0 

0 

0 

Madison 

0 

0 

0 

0 

0 

Marshall 

0 

0 

0 

0 

0 

Morgan 

0 

0 

0 

0 

0 

Saint  Clair 

0 

0 

0 

0 

0 

Talladega 

0 

0 

0 

0 

0 

Table  20:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Blount 

7.74 

0.92 

8.66 

Calhoun 

0.77 

0.07 

0.84 

Cherokee 

6.82 

2.23 

9.05 

Dekalb 

40.74 

36.04 

76.78 

Etowah 

13.37 

12.21 

25.58 

Jackson 

10.66 

9.23 

19.89 

Jefferson 

0.83 

0.04 

0.87 

Limestone 

0.12 

0.01 

0.12 

Madison 

1.42 

0.10 

1.52 

Marshall 

1.23 

0.17 

1.39 

Morgan 

0.32 

0.02 

0.34 

Saint  Clair 

0.30 

0.03 

0.32 

Talladega 

0.16 

0.01 

0.17 
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Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  approximately  7  million  tons  of  debris, 
which  will  require  280,000  truckloads,  each  with  25-ton  capacity.  Of  the  debris,  48%  (3.4 
million  tons)  will  be  brick,  wood,  and  building  contents,  with  steel  and  concrete 
comprising  the  balance  (3.6  million  tons). 

There  are  roughly  2.7  million  people  that  reside  in  the  State  of  Arkansas.  A  Mw7.7  event 
in  the  NMSZ  displaces  127,000  people  with  the  majority  of  those  people  living  in  the  34 
critical  counties.  This  estimate  is  only  based  on  structural  damage.  If  utility  service 
interruptions  are  considered,  the  estimates  of  displaced  people  will  be  substantially 
greater.  Based  on  the  demographic  makeup  of  Arkansas  it  is  estimated  that  37,250  of  the 
displaced  residents  will  seek  public  shelter.  The  remainder  of  the  displaced  population 
will  seek  shelter  with  family  or  friends.  To  accommodate  these  people,  a  total  area  of 
17,877,000  square  feet  of  shelter  space  will  be  required,  with  2,234,600  square  feet 
utilized  exclusively  for  sleeping.  The  balance  of  the  area  is  reserved  for  supporting 
services.  Space  would  be  provided  for  37,250  beds  or  cots.  For  more  detailed  estimates  of 
displaced  population  and  the  requirements  of  that  population,  please  see  the  tables  at  the 
conclusion  of  this  scenario  discussion.  During  the  first  week  post-event,  the  temporary 
shelter  population  will  require  1,303,540  gallons  of  water,  2,085,700  pounds  of  ice,  and 
24  truckloads  of  521,400  MRE’s  (meals  ready  to  eat)  in  total.  Quantities  are  displayed 
for  the  34  critical  counties  for  feeding,  ice,  and  sleeping  space  requirements. 


Table  21:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

34  Critical  Counties 

1,330,090 

126,987 

37,244 

Remaining  Counties 

1,334,739 

1 

0 

Total  State 

2,664,829 

126,988 

37,244 

Table  22:  Worst  Case  Casualties  -  Event  Occurs  at  2:00  AM 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

34  Critical  Counties 

10,275 

2,796 

306 

574 

13,951 

Remaining  Counties 

21 

1 

4 

0 

26 

State  Total 

10,296 

2,797 

310 

574 

13,977 
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Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00 
AM,  the  majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are 
commuting  at  5:00  PM.  The  NMSZ  event  in  Arkansas  results  in  the  greatest  number  of 
casualties  if  the  event  occurs  at  2:00  AM.  A  total  of  13,977  casualties  are  expected  from 
this  event.  There  are  574  estimated  fatalities  of  which  most  occur  inside  the  critical 
counties.  Roughly  10,300  people  are  expected  to  experience  minor  injuries,  termed  a 
‘Level  1  ’  casualty.  The  descriptions  of  each  casualty  severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality. 
Listed  below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications 
(colors)  defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake 
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Figure  5:  Estimates  Number  of  Displaced  People  with  Chronic  Illnesses 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (126,988 
people)  and  the  prevalence  of  chronic  conditions  within  Arkansas  (Milken  Institute, 
2007),  it  is  estimated  that  there  will  be  approximately  79,241  chronic  cases  that  need  to 
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be  cared  for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer  from 
more  than  one  condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers, 
hearing  aids,  and  dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups; 
buildings,  transportation  and  utilities.  Residential  occupancy  represents  the  largest 
portion  of  direct  economic  building  loss  in  comparison  to  all  other  occupancy  types. 
Figure  6  illustrates  the  building  loss  ratios  for  the  entire  state.  Loss  ratios  indicate  the 
percentage  of  building  dollar  value  lost  due  to  seismic  activity.  This  percentage  indicates 
the  structural  and  non-structural  building  value  lost  in  comparison  to  the  total  value  of  all 
buildings  prior  to  damage.  Loss  ratios  are  an  excellent  indicator  of  relative  economic  loss 
because  the  value  lost  is  correlated  to  the  total  value  of  buildings,  as  opposed  to  an 
absolute  scale  of  dollar  value  lost  which  can  be  skewed  by  greater  building  values  in  a 
census  tract.  The  greatest  loss  ratios  are  estimated  at  75%  or  more,  and  occur  in  the 
northeastern  counties  where  shaking  is  most  intense.  Some  eastern  counties  show  loss 
ratios  between  25%  and  50%  where  shaking  is  moderate.  These  loss  ratios  should  be 
considered  a  concern  since  25%  to  50%  of  the  total  building  value  in  a  given  census  tract 
is  lost.  It  is  more  common  to  see  ratios  between  0%  and  10%  in  the  remainder  of  the  state 
which  is  not  as  critical  although  still  warrants  consideration.  Also  of  particular  interest  is 
the  level  of  non-structural  damage  which  totals  nearly  $7.0  billion  or  over  55%  of  total 
building  losses.  Structural  losses  only  contribute  15%  of  all  building  loses.  The  remaining 
building  losses  are  attributed  to  non-structural  and  business  interruption  losses. 

Total  direct  economic  losses  for  the  state  reach  nearly  $18.9  billion  from  the  NMSZ 
Mw7.7  event.  The  majority  of  losses  are  attributed  to  building  losses,  $12.6  billion,  or 
nearly  two-thirds  of  total  direct  losses  (see  Table  26).  Transportation  and  utility  losses 
contribute  far  less,  with  roughly  1 1%  and  22%  of  the  total  losses,  respectively. 


Table  23:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

24.71 

324.48 

17.88 

15.74 

382.81 

Capital- 

Related 

0.00 

10.93 

249.94 

10.87 

5.23 

276.97 

Rental 

263.72 

169.05 

126.88 

6.93 

6.3 

572.88 

Relocation 

29.18 

4.67 

8.63 

0.52 

2.16 

45.16 

Subtotal 

292.9 

209.36 

709.93 

36.2 

29.43 

1,277.82 

Capital  Stock  Loses 

Structural 

1,193.05 

302.12 

355.73 

82.57 

77.41 

2,010.88 

Non-Structural 

4,135.98 

1,270.27 

1,046.41 

349.41 

183.68 

6,985.75 

Content 

1,105.22 

283.69 

510.33 

229.04 

96.34 

2,224.62 

Inventory 

0.00 

0.00 

27.58 

64.75 

5.83 

98.16 

Subtotal 

6,434.25 

1,856.08 

1,940.05 

725.77 

363.26 

11,319.41 

Total 

6,727.15 

2,065.44 

2,649.98 

761.97 

392.69 

12,597.23 
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Table  24:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%) 

Highway 

Segments 

49,994.91 

1,266.31 

2.53 

Bridges 

6,308.93 

364.63 

5.78 

Tunnels 

9.60 

0.00 

0.00 

Railways 

Segments 

3,365.10 

87.12 

2.59 

Bridges 

4.67 

0.35 

7.40 

Facilities 

128.97 

25.07 

19.44 

Bus 

Facilities 

15.17 

1.42 

9.33 

Light  Rail 

Segments 

0.00 

0.00 

0.00 

Facilities 

0.00 

0.00 

0.00 

Ferry 

Facilities 

0.95 

0.95 

100.00 

Port 

Facilities 

187.76 

37.22 

19.82 

Airport 

Facilities 

1,488.83 

185.08 

12.43 

Runways 

6,435.42 

186.51 

2.90 

Total 

67,940.31 

2,154.66 

Table  25:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value  Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

1,999.00 

90.05 

4.50 

Distribution  Lines 

3,821.70 

336.99 

8.82 

Waste  Water 

Facilities 

23,814.20 

2,650.81 

11.13 

Distribution  Lines 

2,293.00 

266.52 

11.62 

Natural  Gas 

Facilities 

92.00 

2.49 

2.70 

Local  Pipelines 

1528.70 

284.91 

18.64 

Regional  Pipelines 

7,308.30 

13.96 

0.19 

Oil  Systems 

Facilities 

0.90 

0.09 

10.31 

Regional  Pipelines 

1387.50 

3.63 

0.26 

Electrical  Power 

Facilities 

5,359.20 

474.00 

8.84 

Communication 

Facilities 

54.40 

3.28 

6.03 

Total 

47,658.90 

4,126.73 

Table  26:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$157,602,000,000 

$67,940,310,000 

$47,658,900,000 

$12,597,230,000 

$2,154,660,000 

$4,126,730,000 

Total 

$273,201,210,000 

$18,878,620,000 
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Additional  information  on  social  impacts  for  the  34  critical  counties  is  illustrated  in  the 
following  tables. 


Table  27:  Time-of-Day  Casualties,  2:00  AM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Arkansas 

21 

4 

0 

0 

25 

Baxter 

1 

0 

0 

0 

1 

Clay 

260 

69 

7 

13 

349 

Cleburne 

2 

0 

0 

0 

2 

Cleveland 

2 

0 

0 

0 

2 

Craighead 

1,884 

526 

64 

122 

2,596 

Crittenden 

1,311 

364 

40 

74 

1,789 

Cross 

448 

121 

12 

22 

603 

Desha 

3 

0 

0 

0 

3 

Faulkner 

1 

0 

0 

0 

1 

Fulton 

0 

0 

0 

0 

0 

Grant 

2 

0 

0 

0 

2 

Greene 

588 

155 

18 

33 

794 

Independence 

7 

1 

0 

0 

8 

Izard 

0 

0 

0 

0 

0 

Jackson 

343 

92 

9 

17 

461 

Jefferson 

17 

1 

0 

0 

18 

Lawrence 

226 

61 

6 

12 

305 

Lee 

255 

69 

7 

13 

344 

Lincoln 

4 

0 

0 

0 

4 

Lonoke 

49 

11 

1 

2 

63 

Mississippi 

2,414 

673 

76 

141 

3,304 

Monroe 

26 

5 

0 

1 

32 

Phillips 

325 

88 

8 

15 

436 

Poinsett 

970 

273 

31 

59 

1,333 

Prairie 

14 

2 

0 

0 

16 

Pulaski 

52 

4 

0 

0 

56 

Randolph 

105 

27 

3 

5 

140 

St.  Francis 

353 

91 

9 

17 

470 

Sharp 

2 

0 

0 

0 

2 

Stone 

0 

0 

0 

0 

0 

Van  Buren 

0 

0 

0 

0 

0 

White 

419 

113 

11 

20 

563 

Woodruff 

171 

46 

4 

8 

229 
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Table  28:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Arkansas 

20,749 

182 

52 

Baxter 

38,386 

0 

0 

Clay 

17,609 

3,051 

891 

Cleburne 

24,046 

0 

0 

Cleveland 

8,571 

0 

0 

Craighead 

82,148 

20,510 

5,345 

Crittenden 

50,866 

17,210 

5,180 

Cross 

19,526 

6,204 

1,810 

Desha 

15,341 

1 

0 

Faulkner 

86,014 

0 

0 

Fulton 

11,642 

0 

0 

Grant 

16,464 

0 

0 

Greene 

37,331 

6,651 

1,776 

Independence 

34,233 

1 

0 

Izard 

13,249 

0 

0 

Jackson 

18,418 

4,413 

1,331 

Jefferson 

84,278 

6 

2 

Lawrence 

17,774 

2,907 

825 

Lee 

12,580 

3,356 

1,154 

Lincoln 

14,492 

0 

0 

Lonoke 

52,828 

522 

129 

Mississippi 

51,979 

30,911 

9,365 

Monroe 

10,254 

198 

67 

Phillips 

26,445 

4,574 

1,527 

Poinsett 

25,614 

12,249 

3,555 

Prairie 

9,539 

139 

40 

Pulaski 

361,474 

55 

15 

Randolph 

18,195 

1,305 

374 

St.  Francis 

29,329 

4,484 

1,419 

Sharp 

17,119 

0 

0 

Stone 

11,499 

0 

0 

Van  Buren 

16,192 

0 

0 

White 

67,165 

5,745 

1,621 

Woodruff 

8,741 

2,313 

766 
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Table  29:  Shelter  Requirements 


Counties 

Total 

Space  Required 
(sq.  ft.) 

Sleeping 
Space 
Required 
(sq.  ft.) 

Water 
Required 
Week  1 
(gallons) 

Ice 

Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Arkansas 

24,960 

3,120 

1,820 

2,912 

728 

Baxter 

0 

0 

0 

0 

0 

Clay 

427,680 

53,460 

31,185 

49,896 

12,474 

Cleburne 

0 

0 

0 

0 

0 

Cleveland 

0 

0 

0 

0 

0 

Craighead 

2,565,600 

320,700 

187,075 

299,320 

74,830 

Crittenden 

2,486,400 

310,800 

181,300 

290,080 

72,520 

Cross 

868,800 

108,600 

63,350 

101,360 

25,340 

Desha 

0 

0 

0 

0 

0 

Faulkner 

0 

0 

0 

0 

0 

Fulton 

0 

0 

0 

0 

0 

Grant 

0 

0 

0 

0 

0 

Greene 

852,480 

106,560 

62,160 

99,456 

24,864 

Independence 

0 

0 

0 

0 

0 

Izard 

0 

0 

0 

0 

0 

Jackson 

638,880 

79,860 

46,585 

74,536 

18,634 

Jefferson 

960 

120 

70 

112 

28 

Lawrence 

396,000 

49,500 

28,875 

46,200 

11,550 

Lee 

553,920 

69,240 

40,390 

64,624 

16,156 

Lincoln 

0 

0 

0 

0 

0 

Lonoke 

61,920 

7,740 

4,515 

7,224 

1,806 

Mississippi 

4,495,200 

561,900 

327,775 

524,440 

131,110 

Monroe 

32,160 

4,020 

2,345 

3,752 

938 

Phillips 

732,960 

91,620 

53,445 

85,512 

21,378 

Poinsett 

1,706,400 

213,300 

124,425 

199,080 

49,770 

Prairie 

19,200 

2,400 

1,400 

2,240 

560 

Pulaski 

7,200 

900 

525 

840 

210 

Randolph 

179,520 

22,440 

13,090 

20,944 

5,236 

St.  Francis 

681,120 

85,140 

49,665 

79,464 

19,866 

Sharp 

0 

0 

0 

0 

0 

Stone 

0 

0 

0 

0 

0 

Van  Buren 

0 

0 

0 

0 

0 

White 

778,080 

97,260 

56,735 

90,776 

22,694 

Woodruff 

367,680 

45,960 

26,810 

42,896 

10,724 
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Table  30:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Arkansas 

15.93 

27.10 

43.03 

Baxter 

0.77 

0.11 

0.87 

Clay 

97.15 

91.99 

189.14 

Cleburne 

1.57 

0.37 

1.94 

Cleveland 

1.85 

0.42 

2.27 

Craighead 

664.68 

884.90 

1,549.58 

Crittenden 

365.53 

419.89 

785.42 

Cross 

135.00 

149.01 

284.01 

Desha 

3.38 

1.46 

4.83 

Faulkner 

1.45 

0.23 

1.68 

Fulton 

0.22 

0.03 

0.25 

Grant 

1.11 

0.24 

1.34 

Greene 

214.87 

220.95 

435.83 

Independence 

9.06 

3.29 

12.35 

Izard 

0.24 

0.03 

0.27 

Jackson 

109.22 

114.11 

223.33 

Jefferson 

20.57 

7.24 

27.80 

Lawrence 

72.07 

73.44 

145.51 

Lee 

62.82 

60.25 

123.07 

Lincoln 

2.96 

1.06 

4.01 

Lonoke 

23.68 

20.64 

44.33 

Mississippi 

700.41 

715.07 

1,415.48 

Monroe 

17.98 

19.59 

37.57 

Phillips 

87.02 

92.42 

179.44 

Poinsett 

315.27 

411.49 

726.76 

Prairie 

9.61 

12.84 

22.45 

Pulaski 

89.54 

38.70 

128.24 

Randolph 

40.66 

41.17 

81.83 

St.  Francis 

118.23 

126.44 

244.67 

Sharp 

3.93 

1.28 

5.21 

Stone 

0.23 

0.03 

0.26 

Van  Buren 

0.33 

0.04 

0.37 

White 

119.86 

121.16 

241.03 

Woodruff 

53.61 

51.04 

104.65 

455 


Illinois  -  New  Madrid  Seismic  Zone 


Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  2.57  million  tons  of  debris,  which  will 
require  102,800  truckloads,  each  with  25-ton  capacity.  Of  the  debris,  54  percent  (1.4 
million  tons)  will  be  bricks,  wood,  and  building  contents,  with  the  balance  (1.17  million 
tons)  comprising  steel  and  concrete. 

There  are  roughly  12.4  million  people  that  reside  in  the  State  of  Illinois.  A  Mw7.7  event 
in  the  NMSZ  displaces  51,500  people  with  the  majority  of  those  people  living  in  the  40 
critical  counties.  This  estimate  is  only  based  on  structural  damage.  If  utility  service 
interruptions  are  considered,  the  estimates  of  displaced  people  will  be  substantially 
greater.  Based  on  the  demographic  makeup  of  Illinois  it  is  estimated  that  roughly  14,700 
of  the  displaced  residents  will  seek  public  shelter.  The  remainder  of  the  displaced 
population  will  seek  shelter  with  family  or  friends.  To  accommodate  these  people,  a  total 
area  of  7,063,680  square  feet  will  be  required,  with  882,960  square  feet  utilized 
exclusively  for  sleeping.  The  balance  of  the  area  is  reserved  for  supporting  services. 
Space  would  be  provided  for  over  14,700  beds  or  cots.  For  more  detailed  estimates  of 
displaced  population  and  the  requirements  of  that  population,  please  see  the  tables  at  the 
conclusion  of  this  scenario  discussion.  During  the  first  week  post-event,  the  temporary 
shelter  population  will  require  161,900  gallons  of  water,  1,295,000  pounds  of  ice,  and 
fifteen  truckloads  of  323,750  MRE’s  (meals  ready  to  eat)  in  total.  Quantities  are 
displayed  for  the  40  critical  counties  for  feeding,  ice,  and  sleeping  space  requirements. 


Table  31:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

40  Critical  Counties 

1,347,307 

51,426 

14,716 

Remaining  Counties 

11,071,996 

43 

10 

Total  State 

12,419,293 

51,469 

14,726 

Table  32:  Worst  Case  Casualties  -  Event  Occurs  at  2:00  AM 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

40  Critical  Counties 

4,478 

1,236 

146 

276 

6,136 

Other  Remaining  Counties 

109 

5 

0 

0 

114 

Total  for  State  of  Illinois 

4,587 

1,241 

146 

276 

6,250 
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Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00 
AM,  the  majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are 
commuting  at  5:00  PM.  The  NMSZ  event  in  Illinois  results  in  the  greatest  number  of 
casualties  if  the  event  occurs  at  2:00  AM.  A  total  of  6,250  casualties  are  expected  from 
this  event.  There  are  276  estimated  fatalities  and  those  occur  within  the  critical  counties. 
Roughly  4,600  people  are  expected  to  experience  minor  injuries,  tenned  a  ‘Level  1’ 
casualty.  The  descriptions  of  each  casualty  severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality. 
Listed  below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications 
(colors)  defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 


Estimated  Number  of  Displaced  People  with  Chronic 

Illnesses 
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Figure  7:  Displaced  People  with  Chronic  Illness 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (51,500 
people)  and  the  prevalence  of  chronic  conditions  within  Illinois  (Milken  Institute,  2007), 
it  is  estimated  that  there  will  be  approximately  27,499  chronic  cases  that  need  to  be  cared 
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for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer  from  more  than 
one  condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers,  hearing  aids,  and 
dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups; 
buildings,  transportation  and  utilities.  Residential  occupancy  represents  the  largest 
portion  of  direct  economic  building  loss  in  comparison  to  all  other  occupancy  types. 
Figure  8  illustrates  the  building  loss  ratios  for  the  entire  state.  Loss  ratios  indicate  the 
percentage  of  building  dollar  value  lost  due  to  seismic  activity.  This  percentage  indicates 
the  structural  and  non-structural  building  value  lost  in  comparison  to  the  total  value  of  all 
buildings  prior  to  damage.  Loss  ratios  are  an  excellent  indicator  of  relative  economic  loss 
because  the  value  lost  is  correlated  to  the  total  value  of  buildings,  as  opposed  to  an 
absolute  scale  of  dollar  value  lost  which  can  be  skewed  by  greater  building  values  in  a 
census  tract.  The  greatest  loss  ratios  are  estimated  at  81%,  and  occur  in  the  southwestern 
most  counties  where  shaking  is  most  intense.  Some  areas  along  the  Mississippi  River 
show  loss  ratios  between  25%  and  40%  where  shaking  is  moderate.  These  loss  ratios 
should  be  considered  a  concern  since  25%  to  40%  of  the  total  building  value  in  a  given 
census  tract  is  lost.  Ratios  between  0%  and  10%  are  expected  in  the  remainder  of  the 
state.  Non-structural  damage,  including  damage  to  finishes,  drywall,  and  flooring 
surfaces,  total  nearly  $3.1  billion  or  over  56%  of  total  building  losses.  Structural  losses 
only  contribute  to  14%  of  all  building  losses.  The  remaining  building  losses  are  attributed 
to  non-structural  and  business  interruption  losses. 

Total  direct  economic  losses  for  the  state  reach  $34.1  billion  from  the  NMSZ  Mw7.7 
event.  The  majority  of  losses  are  attributed  to  utility  losses,  $26.8  billion,  or  nearly  three- 
fourths  of  total  direct  losses.  Transportation  and  building  losses  contribute  far  less,  with 
roughly  5%  and  16%  of  the  total  losses,  respectively. 


Table  33:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

10.70 

96.28 

2.46 

8.26 

117.70 

Capital- 

Related 

0.00 

4.86 

76.42 

1.57 

2.40 

85.25 

Rental 

91.92 

61.26 

36.49 

0.66 

3.46 

193.79 

Relocation 

10.11 

1.73 

2.35 

0.09 

1.11 

15.39 

Subtotal 

102.04 

78.54 

211.54 

4.77 

15.23 

412.13 

Capital  Stock  Loses 

Structural 

471.83 

152.16 

112.95 

16.15 

33.74 

786.83 

Non-Structural 

1,735.84 

735.71 

422.62 

85.06 

121.35 

3,100.57 

Content 

556.99 

197.94 

246.40 

57.69 

70.15 

1,129.17 

Inventory 

0.00 

0.00 

9.35 

11.72 

1.46 

22.53 

Subtotal 

2,764.66 

1,085.81 

791.32 

170.61 

226.69 

5,039.09 

Total 

2,866.70 

1,164.35 

1,002.86 

175.38 

241.93 

5,451.22 
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Table  34:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%) 

Highway 

Segments 

95,066.33 

233.74 

0.25 

Bridges 

21,107.01 

276.59 

1.31 

Tunnels 

0.00 

0.00 

0.00 

Railways 

Segments 

11,844.99 

34.31 

0.29 

Bridges 

110.98 

0.81 

1.31 

Facilities 

689.64 

30.28 

4.39 

Bus 

Facilities 

143.98 

5.70 

3.96 

Light  Rail 

Segments 

124.88 

0.01 

0.01 

Facilities 

900.41 

900.41 

100.00 

Ferry 

Facilities 

13.31 

13.31 

100.00 

Port 

Facilities 

1,154.14 

69.54 

6.03 

Airport 

Facilities 

5,619.99 

277.47 

4.94 

Runways 

24,321.65 

41.01 

0.17 

Total 

161,097.31 

1,883.18 

Table  35:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value  Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

8,945.00 

315.31 

3.52 

Distribution  Lines 

5,308.00 

64.99 

1.22 

Waste  Water 

Facilities 

694,091.20 

20,681.05 

2.98 

Distribution  Lines 

3,184.80 

51.40 

1.61 

Natural  Gas 

Facilities 

1,612.80 

57.78 

3.58 

Local  Pipelines 

2,123.20 

54.94 

2.59 

Regional  Pipelines 

11,623.00 

0.10 

0.00 

Oil  Systems 

Facilities 

30.50 

0.57 

1.87 

Regional  Pipelines 

5,689.70 

0.08 

0.00 

Electrical  Power 

Facilities 

265,201.20 

5,447.65 

2.05 

Communication 

Facilities 

3,866.50 

105.37 

2.73 

Total 

1,001,675.90 

26,779.24 

Table  36:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$837,682,000,000 

$161,097,310,000 

$1,001,675,900,000 

$5,451,220,000 

$1,883,180,000 

$26,779,240,000 

Total 

$2,000,455,210,000 

$34,113,640,000 
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Figure  8:  Loss  Ratio  (%  of  Total  Building  Assets) 
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Additional  information  on  social  impacts  for  the  40  critical  counties  is  illustrated  in  the 
following  tables. 


Table  37:  Time-of-Day  Casualties,  2:00  AM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Alexander 

490 

141 

18 

33 

682 

Bond 

0 

0 

0 

0 

0 

Calhoun 

0 

0 

0 

0 

0 

Clark 

0 

0 

0 

0 

0 

Clay 

2 

0 

0 

0 

2 

Clinton 

69 

19 

2 

4 

94 

Crawford 

0 

0 

0 

0 

0 

Edwards 

1 

0 

0 

0 

1 

Effingham 

0 

0 

0 

0 

0 

Fayette 

0 

0 

0 

0 

0 

Franklin 

39 

9 

1 

2 

51 

Gallatin 

4 

1 

0 

0 

5 

Greene 

0 

0 

0 

0 

0 

Hamilton 

8 

2 

0 

0 

10 

Hardin 

1 

0 

0 

0 

1 

Jackson 

327 

91 

10 

19 

447 

Jasper 

0 

0 

0 

0 

0 

Jefferson 

26 

5 

0 

1 

32 

Jersey 

0 

0 

0 

0 

0 

Johnson 

169 

42 

5 

10 

226 

Lawrence 

61 

17 

2 

4 

84 

Macoupin 

1 

0 

0 

0 

1 

Madison 

577 

162 

18 

33 

790 

Marion 

5 

0 

0 

0 

5 

Massac 

485 

135 

17 

31 

668 

Monroe 

10 

2 

0 

0 

12 

Montgomery 

0 

0 

0 

0 

0 

Perry 

26 

6 

1 

1 

34 

Pope 

14 

3 

0 

1 

18 

Pulaski 

314 

89 

11 

22 

436 

Randolph 

138 

38 

4 

8 

188 

Richland 

0 

0 

0 

0 

0 

Saint  Clair 

832 

228 

25 

46 

1,131 

Saline 

15 

3 

0 

0 

18 

Union 

673 

195 

27 

53 

948 

Wabash 

28 

7 

1 

1 

37 

Washington 

7 

1 

0 

0 

8 

Wayne 

1 

0 

0 

0 

1 

White 

13 

3 

0 

0 

16 

Williamson 

142 

37 

4 

7 

190 
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Table  38:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Alexander 

9,590 

5,633 

1,743 

Bond 

17,633 

0 

0 

Calhoun 

5,084 

0 

0 

Clark 

17,008 

0 

0 

Clay 

14,560 

1 

0 

Clinton 

35,535 

1,016 

211 

Crawford 

20,452 

0 

0 

Edwards 

6,971 

0 

0 

Effingham 

34,264 

0 

0 

Fayette 

21,802 

0 

0 

Franklin 

39,018 

417 

114 

Gallatin 

6,445 

25 

7 

Greene 

14,761 

0 

0 

Hamilton 

8,621 

77 

20 

Hardin 

4,800 

0 

0 

Jackson 

59,612 

4,090 

1,133 

Jasper 

10,117 

0 

0 

Jefferson 

40,045 

188 

53 

Jersey 

21,668 

0 

0 

Johnson 

12,878 

1,689 

378 

Lawrence 

15,452 

763 

201 

Macoupin 

49,019 

0 

0 

Madison 

258,941 

7,706 

1,914 

Marion 

41,691 

2 

0 

Massac 

15,161 

5,412 

1,418 

Monroe 

27,619 

81 

17 

Montgomery 

30,652 

0 

0 

Perry 

23,094 

290 

76 

Pope 

4,413 

81 

22 

Pulaski 

7,348 

3,562 

1,166 

Randolph 

33,893 

1,819 

404 

Richland 

16,149 

0 

0 

Saint  Clair 

256,082 

9,696 

3,507 

Saline 

26,733 

107 

29 

Union 

18,293 

6,445 

1,693 

Wabash 

12,937 

329 

82 

Washington 

15,148 

38 

9 

Wayne 

17,151 

0 

0 

White 

15,371 

110 

29 

Williamson 

61,296 

1,804 

480 
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Table  39:  Shelter  Requirements 


Counties 

Total 

Space  Required 
(sq.  ft.) 

Sleeping 
Space 
Required 
(sq.  ft.) 

Water 
Required 
Week  1 
(gallons) 

Ice 

Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Alexander 

104,580 

836,640 

61,005 

97,608 

24,402 

Bond 

0 

0 

0 

0 

0 

Calhoun 

0 

0 

0 

0 

0 

Clark 

0 

0 

0 

0 

0 

Clay 

0 

0 

0 

0 

0 

Clinton 

12,660 

101,280 

7,385 

11,816 

2,954 

Crawford 

0 

0 

0 

0 

0 

Edwards 

0 

0 

0 

0 

0 

Effingham 

0 

0 

0 

0 

0 

Fayette 

0 

0 

0 

0 

0 

Franklin 

6,840 

54,720 

3,990 

6,384 

1,596 

Gallatin 

420 

3,360 

245 

392 

98 

Greene 

0 

0 

0 

0 

0 

Hamilton 

1,200 

9,600 

700 

1,120 

280 

Hardin 

0 

0 

0 

0 

0 

Jackson 

67,980 

543,840 

39,655 

63,448 

15,862 

Jasper 

0 

0 

0 

0 

0 

Jefferson 

3,180 

25,440 

1,855 

2,968 

742 

Jersey 

0 

0 

0 

0 

0 

Johnson 

22,680 

181,440 

13,230 

21,168 

5,292 

Lawrence 

12,060 

96,480 

7,035 

11,256 

2,814 

Macoupin 

0 

0 

0 

0 

0 

Madison 

114,840 

918,720 

66,990 

107,184 

26,796 

Marion 

0 

0 

0 

0 

0 

Massac 

85,080 

680,640 

49,630 

79,408 

19,852 

Monroe 

1,020 

8,160 

595 

952 

238 

Montgomery 

0 

0 

0 

0 

0 

Perry 

4,560 

36,480 

2,660 

4,256 

1,064 

Pope 

1,320 

10,560 

770 

1,232 

308 

Pulaski 

69,960 

559,680 

40,810 

65,296 

16,324 

Randolph 

24,240 

193,920 

14,140 

22,624 

5,656 

Richland 

0 

0 

0 

0 

0 

Saint  Clair 

210,420 

1,683,360 

122,745 

196,392 

49,098 

Saline 

1,740 

13,920 

1,015 

1,624 

406 

Union 

101,580 

812,640 

59,255 

94,808 

23,702 

Wabash 

4,920 

39,360 

2,870 

4,592 

1,148 

Washington 

540 

4,320 

315 

504 

126 

Wayne 

0 

0 

0 

0 

0 

White 

1,740 

13,920 

1,015 

1,624 

406 

Williamson 

28,800 

230,400 

16,800 

26,880 

6,720 
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Table  40:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Alexander 

114.90 

117.62 

232.52 

Bond 

0.30 

0.04 

0.34 

Calhoun 

0.12 

0.01 

0.13 

Clark 

0.33 

0.05 

0.38 

Clay 

3.28 

1.50 

4.78 

Clinton 

18.42 

18.47 

36.89 

Crawford 

0.37 

0.04 

0.41 

Edwards 

1.76 

0.95 

2.71 

Effingham 

0.75 

0.12 

0.87 

Fayette 

0.41 

0.06 

0.47 

Franklin 

17.42 

10.23 

27.65 

Gallatin 

2.29 

1.00 

3.29 

Greene 

0.27 

0.03 

0.30 

Hamilton 

3.93 

2.38 

6.31 

Hardin 

1.39 

0.35 

1.74 

Jackson 

83.57 

76.94 

160.51 

Jasper 

0.18 

0.02 

0.20 

Jefferson 

15.59 

8.87 

24.46 

Jersey 

0.40 

0.05 

0.45 

Johnson 

58.09 

57.11 

115.20 

Lawrence 

17.90 

19.31 

37.21 

Macoupin 

0.91 

0.11 

1.02 

Madison 

133.31 

122.96 

256.27 

Marion 

5.62 

1.82 

7.44 

Massac 

132.86 

143.30 

276.16 

Monroe 

6.19 

2.35 

8.54 

Montgomery 

0.55 

0.06 

0.61 

Perry 

10.95 

7.42 

18.37 

Pope 

8.54 

6.82 

15.36 

Pulaski 

81.32 

88.54 

169.86 

Randolph 

37.57 

36.80 

74.37 

Richland 

0.32 

0.04 

0.36 

Saint  Clair 

192.04 

155.48 

347.52 

Saline 

10.24 

5.14 

15.38 

Union 

181.59 

210.01 

391.60 

Wabash 

9.16 

7.54 

16.70 

Washington 

5.08 

2.13 

7.21 

Wayne 

1.24 

0.36 

1.60 

White 

7.45 

3.74 

11.19 

Williamson 

47.88 

33.57 

81.45 
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Indiana  -  New  Madrid  Seismic  Zone  Scenario 


Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  approximately  282  thousand  tons  of  debris, 
which  will  require  1 1,280  truckloads,  each  with  25-ton  capacity,  to  remove  the  debris.  Of 
the  debris,  73  percent  (205  thousand  tons)  will  be  brick,  wood,  and  building  contents, 
with  steel  and  concrete  comprising  the  balance  (77  thousand  tons). 

There  are  roughly  6.1  million  people  that  reside  in  the  State  of  Indiana.  A  Mw7.7  event  in 
the  NMSZ  displaces  60  people  with  the  majority  of  those  people  living  in  the  1 1  critical 
counties.  This  estimate  is  only  based  on  structural  damage.  If  utility  service  interruptions 
are  considered,  the  estimates  of  displaced  people  will  be  substantially  greater.  Based  on 
the  demographic  makeup  of  Indiana  it  is  estimated  that  14  of  the  displaced  residents  will 
seek  public  shelter.  The  remainder  of  the  displaced  population  will  seek  shelter  with 
family  or  friends.  To  accommodate  these  people,  a  total  area  of  6,720  square  feet  of 
shelter  space  will  be  required,  with  840  square  feet  utilized  exclusively  for  sleeping.  The 
balance  of  the  area  is  reserved  for  supporting  services.  Space  would  be  provided  for  14 
beds  or  cots.  For  more  detailed  estimates  of  displaced  population  and  the  requirements  of 
that  population,  please  see  the  tables  at  the  conclusion  of  this  scenario  discussion.  During 
the  first  week  post-event,  the  temporary  shelter  population  will  require  98  gallons  of 
water,  784  pounds  of  ice,  and  196  MRE’s  (meals  ready  to  eat)  in  total.  Quantities  are 
displayed  for  the  1 1  critical  counties  for  feeding,  ice,  and  sleeping  space  requirements. 


Table  41:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

11  Critical  Counties 

480,752 

52 

13 

Remaining  Counties 

5,599,733 

6 

1 

Total  State 

6,080,485 

58 

14 

Table  42:  Worst  Case  Casualties  -  Event  Occurs  at  5:00  PM 


Worst  Case  Casualties  (5:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

11  Critical  Counties 

57 

12 

12 

2 

83 

Other  Remaining  Counties 

53 

4 

4 

1 

62 

Total  State 

110 

16 

16 

3 

145 
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Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00 
AM,  the  majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are 
commuting  at  5:00  PM.  The  NMSZ  event  in  Indiana  results  in  the  greatest  number  of 
casualties  if  the  event  occurs  at  5:00  PM.  A  total  of  145  casualties  are  expected  from  this 
event.  There  are  3  estimated  fatalities  while  roughly  110  people  are  expected  to 
experience  minor  injuries,  termed  a  ‘Level  1’  casualty.  The  descriptions  of  each  casualty 
severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality. 
Listed  below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications 
(colors)  defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 


Estimated  number  of  displaced  people  with  chronic 

illnesses 
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Figure  9:  Estimated  Number  of  Displaced  People  with  Chronic  Illnesses 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (60  people) 
and  the  prevalence  of  chronic  conditions  within  Indiana  (Milken  Institute,  2007),  it  is 
estimated  that  there  will  be  approximately  8  chronic  cases  that  need  to  be  cared  for  within 
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the  displaced  population.  It  is  possible  that  a  person  may  suffer  from  more  than  one 
condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers,  hearing  aids,  and 
dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups; 
buildings,  transportation,  and  utilities.  Residential  occupancy  represents  the  largest 
portion  of  direct  economic  building  loss  in  comparison  to  all  other  occupancy  types. 
Figure  10  illustrates  the  building  loss  ratios  for  the  entire  state  due  to  a  Mw7.7  event  in 
the  NMSZ.  Loss  ratios  indicate  the  percentage  of  building  dollar  value  lost  due  to  seismic 
activity.  This  percentage  indicates  the  structural  and  non-structural  building  value  lost  in 
comparison  to  the  total  value  of  all  buildings  prior  to  damage.  Loss  ratios  are  an  excellent 
indicator  of  relative  economic  loss  because  the  value  lost  is  correlated  to  the  total  value 
of  buildings,  as  opposed  to  an  absolute  scale  of  dollar  value  lost  which  can  be  skewed  by 
greater  building  values  in  a  census  tract.  The  greatest  loss  ratio  is  estimated  at  roughly 
2%,  and  occurs  in  the  southern  Vanderburgh  County  where  shaking  is  most  intense. 
Additional  southwestern  counties  show  loss  ratios  between  1%  and  2%  where  shaking  is 
moderate.  Loss  ratios  this  low  are  not  considered  significant  since  only  a  small  portion  of 
the  building  value  is  lost.  Also  of  particular  interest  is  the  level  of  non-structural  damage, 
which  totals  nearly  $300  million,  or  nearly  50%,  of  total  building  losses.  Structural  losses 
only  contribute  to  16%  of  all  building  losses.  The  remaining  building  losses  are  attributed 
to  non-structural  contents  and  business  interruption  losses. 

Total  direct  economic  losses  for  the  state  reach  approximately  $1.4  billion  from  the 
NMSZ  Mw7.7  event.  A  large  portion  of  losses,  $613  million,  or  43%  of  total  direct  losses, 
are  attributed  to  building  losses  (see  Table  46).  Utility  losses  also  contribute  significantly 
to  total  losses,  with  $648  million  in  utility  losses  alone,  or  46%  of  all  direct  economic 
losses.  Transportation  losses  contribute  far  less,  with  roughly  1 1%  of  the  total  losses. 


Table  43:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

0.30 

15.38 

0.78 

0.99 

17.44 

Capital- 

Related 

0.00 

0.13 

12.37 

0.51 

0.78 

13.78 

Rental 

3.65 

3.52 

6.56 

0.23 

0.29 

14.26 

Relocation 

0.35 

0.12 

0.42 

0.03 

0.16 

1.08 

Subtotal 

4.00 

4.07 

34.73 

1.54 

2.22 

46.57 

Capital  Stock  Loses 

Structural 

28.74 

12.27 

15.50 

3.91 

38.32 

98.74 

Non-Structural 

133.94 

57.21 

53.07 

17.96 

33.33 

295.51 

Content 

68.73 

18.67 

35.47 

12.82 

27.23 

162.92 

Inventory 

0.00 

0.00 

1.36 

3.06 

4.60 

9.02 

Subtotal 

231.42 

88.14 

105.40 

37.75 

103.48 

566.19 

Total 

235.42 

92.21 

140.13 

39.29 

105.70 

612.75 
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Table  44:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%> 

Highway 

Segments 

70,249.58 

19.83 

0.03 

Bridges 

10,749.46 

23.35 

0.22 

Tunnels 

0.00 

0.00 

0.00 

Railways 

Segments 

6,475.16 

1.84 

0.03 

Bridges 

10.40 

0.00 

0.00 

Facilities 

204.33 

7.85 

3.84 

Bus 

Facilities 

51.64 

1.09 

2.11 

Ferry 

Facilities 

0.00 

0.00 

0.00 

Port 

Facilities 

196.40 

9.97 

5.08 

Airport 

Facilities 

2,784.30 

60.57 

2.18 

Runways 

17,222.67 

4.44 

0.03 

Total 

107,973.10 

158.10 

Table  45:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value  Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

3,292.70 

17.78 

0.54 

Distribution  Lines 

3,587.60 

8.79 

0.24 

Waste  Water 

Facilities 

30,594.70 

127.60 

0.42 

Distribution  Lines 

2,152.50 

6.95 

0.32 

Natural  Gas 

Facilities 

32.60 

0.15 

0.47 

ALL  Pipelines 

8,592.60 

7.74 

0.09 

Oil  Systems 

Facilities 

17.50 

0.18 

1.05 

Regional  Pipelines 

2,672.20 

0.31 

0.01 

Electrical  Power 

Facilities 

89,733.60 

467.67 

0.52 

Communication 

Facilities 

2,232.90 

10.71 

0.48 

Total 

142,809.89 

647.88 

Table  46:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

$380,969,000,000 

$612,750,000 

Transportation 

$107,793,100,000 

$158,100,000 

Utility 

$142,908,890,000 

$647,880,000 

Total 

$631,670,990,000 

$1,418,730,000 
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Figure  10:  Loss  Ratio  (%  of  Total  Building  Assets) 
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Additional  information  on  social  impacts  for  the  1 1  critical  counties  is  illustrated  in  the 
following  tables. 


Table  47:  Time-of-Day  Casualties,  5:00  PM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Daviess 

2 

0 

0 

0 

2 

Dubois 

0 

0 

0 

0 

0 

Gibson 

2 

1 

1 

0 

4 

Greene 

0 

0 

0 

0 

0 

Knox 

0 

0 

0 

0 

0 

Pike 

1 

0 

0 

0 

2 

Posey 

1 

1 

1 

0 

3 

Spencer 

0 

0 

0 

0 

0 

Sullivan 

0 

0 

0 

0 

0 

Vanderburgh 

42 

8 

8 

2 

61 

Warrick 

9 

2 

2 

0 

12 

Table  48:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Daviess 

29,820 

0 

0 

Dubois 

39,674 

0 

0 

Gibson 

32,500 

0 

0 

Greene 

33,157 

0 

0 

Knox 

39,256 

0 

0 

Pike 

12,837 

0 

0 

Posey 

27,061 

0 

0 

Spencer 

20,391 

0 

0 

Sullivan 

21,751 

0 

0 

Vanderburgh 

171,922 

48 

12 

Warrick 

52,383 

4 

1 
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Table  49:  Shelter  Requirements 


Counties 

Total 

Space  Required 
(sq.  ft.) 

Sleeping 
Space 
Required 
(sq.  ft.) 

Water 
Required 
Week  1 
(gallons) 

Ice 

Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Daviess 

0 

0 

0 

0 

0 

Dubois 

0 

0 

0 

0 

0 

Gibson 

0 

0 

0 

0 

0 

Greene 

0 

0 

0 

0 

0 

Knox 

0 

0 

0 

0 

0 

Pike 

0 

0 

0 

0 

0 

Posey 

0 

0 

0 

0 

0 

Spencer 

0 

0 

0 

0 

0 

Sullivan 

0 

0 

0 

0 

0 

Vanderburgh 

5,760 

720 

420 

672 

168 

Warrick 

480 

60 

35 

56 

14 

Table  50:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Daviess 

2.16 

0.75 

2.91 

Dubois 

0.78 

0.13 

0.91 

Gibson 

2.08 

0.53 

2.61 

Greene 

0.62 

0.08 

0.70 

Knox 

0.72 

0.10 

0.82 

Pike 

1.97 

0.65 

2.62 

Posey 

1.45 

0.21 

1.65 

Spencer 

0.39 

0.05 

0.43 

Sullivan 

0.34 

0.04 

0.38 

Vanderburgh 

84.73 

58.73 

143.47 

Warrick 

12.01 

3.45 

15.45 
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Indiana  -  Wabash  Valley  Seismic  Zone  Scenario 


Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  approximately  1.76  million  tons  of  debris, 
which  will  require  70,000  truckloads,  each  with  25-ton  capacity  to  remove.  Of  the  debris, 
47%  (826  thousand  tons)  will  be  brick,  wood,  and  building  contents,  with  steel  and 
concrete  comprising  the  balance  (933  thousand  tons). 

There  are  roughly  6.1  million  people  that  reside  in  the  State  of  Indiana.  A  Mw7.1  event  in 
the  WVSZ  displaces  over  27,600  people  with  the  majority  of  those  people  living  in  the  1 1 
critical  counties.  This  estimate  is  only  based  on  structural  damage.  If  utility  service 
interruptions  are  considered,  the  estimates  of  displaced  people  will  be  substantially 
greater.  Based  on  the  demographic  makeup  of  Indiana  it  is  estimated  that  approximately 
7,000  of  the  displaced  residents  will  seek  public  shelter.  The  remainder  of  the  displaced 
population  will  seek  shelter  with  family  or  friends.  To  accommodate  these  people,  a  total 
area  of  3,372,960  square  feet  of  shelter  space  will  be  required,  with  421,620  square  feet 
utilized  exclusively  for  sleeping.  The  balance  of  the  area  is  reserved  for  supporting 
services.  Space  would  be  provided  for  7,000  beds  or  cots.  For  more  detailed  estimates  of 
displaced  population  and  the  requirements  of  that  population,  please  see  the  tables  at  the 
conclusion  of  this  scenario  discussion.  During  the  first  week  post-event,  the  temporary 
shelter  population  will  require  245,945  gallons  of  water,  393,512  pounds  of  ice,  and  5 
truckloads  of  98,378  MRE’s  (meals  ready  to  eat)  in  total.  Quantities  are  displayed  for  the 
1 1  critical  counties  for  feeding,  ice,  and  sleeping  space  requirements. 


Table  51:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

11  Critical  Counties 

480,752 

26,721 

6,815 

Remaining  Counties 

5,599,733 

899 

212 

Total  State 

6,080,485 

27,620 

7,027 

Table  52:  Worst  Case  Casualties  -  Event  Occurs  at  2:00  AM 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

11  Critical  Counties 

2,012 

572 

64 

118 

2,766 

Other  Remaining  Counties 

193 

24 

1 

3 

221 

Total  State 

2,205 

596 

65 

121 

2,987 
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Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00 
AM,  the  majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are 
commuting  at  5:00  PM.  The  WVSZ  event  in  Indiana  results  in  the  greatest  number  of 
casualties  if  the  event  occurs  at  2:00  AM.  A  total  of  2,987  casualties  are  expected  from 
this  event.  There  are  121  estimated  fatalities  and  roughly  2,200  people  are  expected  to 
experience  minor  injuries,  termed  a  ‘Level  1’  casualty.  The  descriptions  of  each  casualty 
severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality. 
Listed  below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications 
(colors)  defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 


Estimated  number  of  displaced  people  with  chronic 
illnesses  (IN) 


x 


Figure  11:  Estimated  Number  of  Displaced  People  with  Chronic  Illnesses 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (27,620 
people)  and  the  prevalence  of  chronic  conditions  within  Indiana  (Milken  Institute,  2007), 
it  is  estimated  that  there  will  be  approximately  16,130  chronic  cases  that  need  to  be  cared 
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for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer  from  more 
than  one  condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers,  hearing  aids, 
and  dental  care  will  also  be  required  post-event. 

Figure  12  illustrates  the  building  loss  ratios  for  the  entire  state  due  to  the  Mw7.1  event  on 
the  Wabash  Valley  Fault.  Loss  ratios  indicate  the  percentage  of  building  dollar  value  lost 
due  to  seismic  activity.  This  percentage  indicates  the  structural  and  non- structural 
building  value  lost  in  comparison  to  the  total  value  of  all  buildings  prior  to  damage.  Loss 
ratios  are  an  excellent  indicator  of  relative  economic  loss  because  the  value  lost  is 
correlated  to  the  total  value  of  buildings,  as  opposed  to  an  absolute  scale  of  dollar  value 
lost  which  can  be  skewed  by  greater  building  values  in  a  census  tract.  The  greatest  loss 
ratio  is  estimated  at  roughly  27%,  and  occurs  in  western  Knox  County.  Additionally, 
Gibson  County,  where  shaking  is  slightly  less  severe,  shows  loss  ratios  between  10%  and 
20%.  More  common  loss  ratios  are  below  2%,  and  are  not  considered  significant  since 
only  a  small  portion  of  the  building  value  is  lost.  Also  of  particular  interest  is  the  level  of 
non-structural  damage,  which  totals  over  $2.1  billion,  or  over  50%  of  total  building  losses. 
Structural  losses  only  contribute  to  16%  of  all  building  losses.  The  remaining  building 
losses  are  attributed  to  non-structural  contents  and  business  interruption  losses. 

Total  direct  economic  losses  for  the  state  are  greater  than  $7.2  billion  from  the  Wabash 
Valley  Mw7.1  event.  The  building  losses  total  $3.9  billion,  or  54%  of  total  direct  losses. 
Utility  losses  also  contribute  a  significant  portion  to  total  losses  as  well,  with  $2.94 
billion  in  losses,  or  41%  of  all  direct  economic  losses.  Transportation  losses  contribute 
far  less,  with  roughly  5%  of  the  total  losses. 


Table  53:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

6.84 

62.61 

1.98 

5.77 

77.20 

Capital- 

Related 

0.00 

3.10 

48.71 

1.20 

9.32 

62.34 

Rental 

49.78 

41.77 

20.64 

0.61 

1.62 

114.43 

Relocation 

5.40 

0.89 

1.64 

0.05 

0.74 

8.72 

Subtotal 

55.19 

52.59 

133.60 

3.85 

17.45 

262.68 

Capital  Stock  Losses 

Structural 

286.32 

69.38 

66.47 

10.68 

201.97 

634.82 

Non-Structural 

1,087.65 

412.33 

275.95 

64.10 

266.43 

2,106.45 

Content 

367.17 

112.13 

164.83 

43.53 

185.63 

873.28 

Inventory 

0.00 

0.00 

5.78 

10.74 

33.78 

50.30 

Subtotal 

1,741.13 

593.84 

513.03 

129.04 

687.81 

3,664.85 

Total 

1,796.32 

646.44 

646.63 

132.89 

705.26 

3,927.53 
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Table  54:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%> 

Highway 

Segments 

70,249.58 

107.98 

0.15 

Bridges 

10,749.46 

49.12 

0.46 

Tunnels 

0.00 

0.00 

0.00 

Railways 

Segments 

6,475.16 

9.07 

0.14 

Bridges 

10.40 

0.00 

0.00 

Facilities 

204.33 

8.77 

4.29 

Bus 

Facilities 

51.64 

3.78 

7.32 

Ferry 

Facilities 

0.00 

0.00 

0.00 

Port 

Facilities 

196.40 

10.34 

5.26 

Airport 

Facilities 

2,784.30 

136.23 

4.89 

Runways 

17,222.67 

30.58 

0.18 

Total 

107,973.10 

385.10 

Table  55:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value  Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

3,292.70 

102.84 

3.12 

Distribution  Lines 

3,587.60 

28.19 

0.79 

Waste  Water 

Facilities 

30,594.70 

573.33 

1.87 

Distribution  Lines 

2,152.50 

22.30 

1.04 

Natural  Gas 

Facilities 

32.60 

0.64 

1.96 

ALL  Pipelines 

8,592.60 

24.33 

0.28 

Oil  Systems 

Facilities 

17.50 

0.51 

2.89 

Regional  Pipelines 

2,672.20 

1.09 

0.04 

Electrical  Power 

Facilities 

89,733.60 

2,138.72 

2.38 

Communication 

Facilities 

2,232.90 

44.30 

1.98 

Total 

142,809.89 

2,936.55 

Table  56:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$380,969,000,000 

$107,793,100,000 

$142,908,890,000 

$3,927,530,000 

$385,100,000 

$2,936,550,000 

Total 

$631,670,990,000 

$7,249,180,000 
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Additional  information  on  social  impacts  for  the  1 1  critical  counties  is  illustrated  in  the 
following  tables. 


Table  57:  Time-of-Day  Casualties,  2:00  AM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Daviess 

11 

2 

0 

0 

13 

Dubois 

5 

0 

0 

0 

5 

Gibson 

338 

94 

10 

18 

460 

Greene 

0 

0 

0 

0 

0 

Knox 

504 

145 

16 

31 

696 

Pike 

1 

0 

0 

0 

1 

Posey 

75 

20 

2 

4 

101 

Spencer 

0 

0 

0 

0 

0 

Sullivan 

15 

4 

0 

1 

20 

Vanderburgh 

1,063 

306 

35 

65 

1,469 

Warrick 

0 

0 

0 

0 

0 

Table  58:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Daviess 

29,820 

109 

26 

Dubois 

39,674 

3 

1 

Gibson 

32,500 

4,621 

1,037 

Greene 

33,157 

0 

0 

Knox 

39,256 

6,646 

1,854 

Pike 

12,837 

0 

0 

Posey 

27,061 

1,030 

240 

Spencer 

20,391 

0 

0 

Sullivan 

21,751 

86 

39 

Vanderburgh 

171,922 

14,226 

3,618 

Warrick 

52,383 

0 

0 
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Table  59:  Shelter  Requirements 


Counties 

Total 

Space  Required 
(sq.  ft.) 

Sleeping 
Space 
Required 
(sq.  ft.) 

Water 
Required 
Week  1 
(gallons) 

Ice 

Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Daviess 

12,480 

1,560 

910 

1,456 

364 

Dubois 

480 

60 

35 

56 

14 

Gibson 

497,760 

62,220 

36,295 

58,072 

14,518 

Greene 

0 

0 

0 

0 

0 

Knox 

889,920 

111,240 

64,890 

103,824 

25,956 

Pike 

0 

0 

0 

0 

0 

Posey 

115,200 

14,400 

8,400 

13,440 

3,360 

Spencer 

0 

0 

0 

0 

0 

Sullivan 

18,720 

2,340 

1,365 

2,184 

546 

Vanderburgh 

1,736,640 

217,080 

126,630 

202,608 

50,652 

Warrick 

0 

0 

0 

0 

0 

Table  60:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Daviess 

6.00 

2.79 

8.79 

Dubois 

7.56 

2.01 

9.57 

Gibson 

77.77 

75.35 

153.12 

Greene 

0.28 

0.02 

0.30 

Knox 

119.54 

139.15 

258.69 

Pike 

0.69 

0.11 

0.80 

Posey 

21.08 

18.24 

39.33 

Spencer 

0.18 

0.01 

0.20 

Sullivan 

5.10 

2.07 

7.17 

Vanderburgh 

364.06 

644.76 

1,008.82 

Warrick 

0.39 

0.02 

0.41 
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Kentucky  -  New  Madrid  Seismic  Zone  Scenario 


Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  4  million  tons  of  debris,  which  will 
require  160,000  truckloads,  each  with  25-ton  capacity,  to  remove.  Of  the  debris,  48% 
(1.92  million  tons)  will  be  bricks,  wood,  and  building  contents,  with  steel  and  concrete 
comprising  the  balance  (2.08  million  tons). 

There  are  roughly  4.0  million  people  that  reside  in  the  State  of  Kentucky.  A  Mw7.7  event 
in  the  NMSZ  displaces  nearly  78,200  people  with  the  majority  of  those  people  living  in 
the  25  critical  counties.  This  estimate  is  only  based  on  structural  damage.  If  utility  service 
interruptions  are  considered,  the  estimates  of  displaced  people  will  be  substantially 
greater.  Based  on  the  demographic  makeup  of  Kentucky  it  is  estimated  that  nearly  20,700 
of  the  displaced  residents  will  seek  public  shelter.  The  remainder  of  the  displaced 
population  will  seek  shelter  with  family  or  friends.  To  accommodate  these  people,  a  total 
area  of  9,918,240  square  feet  will  be  required,  with  1,239,780  square  feet  utilized 
exclusively  for  sleeping.  The  balance  of  the  area  is  reserved  for  supporting  services. 
Space  would  be  provided  for  20,663  beds  or  cots.  For  more  detailed  estimates  of 
displaced  population  and  the  requirements  of  that  population,  please  see  the  tables  at  the 
conclusion  of  this  scenario  discussion.  During  the  first  week  post-event,  the  temporary 
shelter  population  will  require  723,205  gallons  of  water,  1,157,128  pounds  of  ice,  and 
approximately  14  truckloads  of  MREs  (meals  ready  to  eat),  289,282  in  total.  Quantities 
are  displayed  for  the  25  critical  counties  for  feeding,  ice,  and  sleeping  space  requirements. 


Table  61:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

25  Critical  Counties 

655,184 

52,964 

13,904 

Remaining  Counties 

3,386,585 

25,225 

6,759 

Total  State 

4,041,769 

78,189 

20,663 

Table  62:  Worst  Case  Casualties  -  Event  Occurs  at  2:00  PM 


Worst  Case  Casualties  (2:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

25  Critical  Counties 

6,722 

2,051 

318 

593 

9,684 

Other  Remaining  Counties 

49 

5 

1 

0 

56 

State  Total 

6,771 

2,056 

319 

593 

9,740 
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Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2AM, 
the  majority  of  the  population  is  working  at  2PM,  and  many  people  are  commuting  at 
5PM.  The  NMSZ  event  in  Kentucky  results  in  the  greatest  number  of  casualties  if  the 
event  occurs  at  2PM.  A  total  of  9,740  casualties  are  expected  from  this  event.  There  are 
593  estimated  fatalities  and  those  occur  within  the  critical  counties.  It  is  very  unlikely 
that  fatalities  occur  outside  the  critical  counties.  Roughly  6,771  people  are  expected  to 
experience  minor  injuries,  termed  a  ‘Level  1’  casualty.  The  descriptions  of  each  casualty 
severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality. 
Listed  below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications 
(colors)  defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 


Estimated  number  of  displaced  people  with  chronic 
illnesses 


Figure  13:  Estimates  Number  of  Displaced  People  with  Chronic  Illnesses 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (78,189 
people)  and  the  prevalence  of  chronic  conditions  within  Kentucky  (Milken  Institute, 
2007),  it  is  estimated  that  there  will  be  approximately  52,387  chronic  cases  that  need  to 
be  cared  for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer  from 
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more  than  one  condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers, 
hearing  aids,  and  dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups; 
buildings,  transportation,  and  utilities.  Residential  occupancy  represents  the  largest 
portion  of  direct  economic  building  loss  in  comparison  to  all  other  occupancy  types. 
Figure  14  illustrates  the  building  loss  ratios  for  the  entire  state.  Loss  ratios  indicate  the 
percentage  of  building  dollar  value  lost  due  to  seismic  activity.  This  percentage  indicates 
the  structural  and  non-structural  building  value  lost  in  comparison  to  the  total  value  of  all 
buildings  prior  to  damage.  Loss  ratios  are  an  excellent  indicator  of  relative  economic  loss 
because  the  value  lost  is  correlated  to  the  total  value  of  buildings,  as  opposed  to  an 
absolute  scale  of  dollar  value  lost,  which  can  be  skewed  by  greater  building  values  in  a 
census  tract.  The  greatest  loss  ratios  are  estimated  at  75%,  and  occur  in  the  western 
Fulton  and  southern  Ballard  Counties  where  shaking  is  most  intense.  Additionally, 
portions  of  Carlisle,  Graves,  Marshall,  and  McCracken  Counties  show  loss  ratios  between 
40%  and  60%  where  shaking  is  moderate.  These  loss  ratios  should  be  considered  a 
concern  since  40%  to  60%  of  the  total  building  value  in  a  given  census  tract  is  lost. 
Ratios  between  0%  and  10%  are  expected  in  most  of  the  remainder  of  the  state.  Non- 
structural  damage,  including  damage  to  finishes,  drywall,  and  flooring  surfaces,  total  over 
$5.34  billion  or  more  55%  of  total  building  losses.  Structural  losses  only  comprise  15% 
of  all  building  economic  losses.  The  remaining  building  losses  are  attributed  to  content 
and  business  interruption  losses. 

Total  direct  economic  losses  for  the  state  reach  over  $46.0  billion  from  the  NMSZ  Mw7.7 
event.  The  majority  of  losses  are  attributed  to  utility  losses,  $35.3  billion,  or  over  75%  of 
total  direct  losses  (see  Table  66).  Transportation  and  building  losses  contribute  far  less, 
with  roughly  3%  and  20%  of  the  total  losses,  respectively. 


Table  63:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

21.89 

252.48 

6.52 

9.08 

289.97 

Capital- 

Related 

0.00 

9.61 

192.28 

4.06 

3.05 

208.99 

Rental 

170.92 

111.60 

87.94 

2.03 

4.65 

377.14 

Relocation 

19.15 

3.03 

6.20 

0.21 

1.46 

30.04 

Subtotal 

190.06 

146.14 

538.90 

12.81 

18.23 

906.14 

Capital  Stock  Loses 

Structural 

838.67 

232.37 

301.35 

36.78 

52.19 

1,461.37 

Non-Structural 

3,028.44 

1,017.46 

979.86 

168.45 

141.34 

5,335.55 

Content 

774.46 

231.38 

502.70 

107.30 

72.63 

1,688.47 

Inventory 

0.00 

0.00 

23.66 

24.53 

3.22 

51.41 

Subtotal 

4,641.57 

1,481.22 

1,807.57 

337.06 

269.38 

8,536.80 

Total 

4,831.64 

1,627,36 

2,346.47 

349.87 

287.61 

9,442.94 
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Table  64:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%) 

Highway 

Segments 

111,008.12 

774.46 

0.70 

Bridges 

6,216.70 

146.58 

2.36 

Tunnels 

18.54 

0.00 

0.00 

Railways 

Segments 

4,004.74 

33.77 

0.84 

Bridges 

18.21 

0.21 

1.15 

Facilities 

249.96 

43.76 

17.51 

Bus 

Facilities 

27.77 

1.83 

6.60 

Light  Rail 

Segments 

0.00 

0.00 

0.00 

Facilities 

0.00 

0.00 

0.00 

Ferry 

Facilities 

17.09 

17.09 

100.00 

Port 

Facilities 

584.00 

138.25 

23.67 

Airport 

Facilities 

1,169.68 

98.28 

8.40 

Runways 

4,721.05 

39.25 

0.83 

Total 

128,035.86 

1,291.48 

Table  65:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value  Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

5,841.50 

220.82 

3.78 

Distribution  Lines 

3,309.20 

88.44 

2.67 

Waste  Water 

Facilities 

592,633.40 

24,220.98 

4.09 

Distribution  Lines 

1,985.50 

69.95 

3.52 

Natural  Gas 

Facilities 

360.00 

19.88 

5.52 

Local  Pipelines 

1,323.70 

74.77 

5.65 

Regional  Pipelines 

7,495.50 

5.61 

0.07 

Oil  Systems 

Facilities 

8.60 

0.55 

6.42 

Regional  Pipelines 

918.10 

1.86 

0.20 

Electrical  Power 

Facilities 

182,505.40 

10,516.63 

5.76 

Communication 

Facilities 

1,603.00 

72.31 

4.51 

Total 

797,983.90 

35,291.80 

Table  66:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$259,784,000,000 

$128,035,860,000 

$797,983,900,000 

$9,442,940,000 

$1,291,480,000 

$35,291,800,000 

Total 

$1,185,803,760,000 

$46,026,220,000 
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Additional  information  on  social  impacts  for  the  25  critical  counties  is  illustrated  in  the 
following  tables. 


Table  67:  Time-of-Day  Casualties,  2:00  PM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Ballard 

223 

69 

11 

20 

3223 

Caldwell 

3 

1 

0 

0 

4 

Calloway 

266 

70 

10 

19 

365 

Carlisle 

141 

43 

7 

12 

203 

Christian 

13 

1 

0 

0 

14 

Crittenden 

2 

0 

0 

0 

2 

Daviess 

507 

157 

23 

43 

730 

Fulton 

300 

94 

15 

28 

437 

Graves 

781 

236 

37 

67 

1,121 

Hancock 

0 

0 

0 

0 

0 

Henderson 

245 

73 

11 

19 

348 

Hickman 

122 

38 

6 

11 

177 

Hopkins 

94 

26 

4 

6 

130 

Livingston 

53 

13 

2 

3 

71 

Logan 

0 

0 

0 

0 

0 

Lyon 

14 

4 

0 

1 

19 

Marshall 

664 

200 

32 

59 

955 

McCracken 

3,022 

945 

149 

283 

4,399 

McLean 

12 

3 

0 

1 

16 

Muhlenberg 

56 

17 

2 

4 

79 

Ohio 

0 

0 

0 

0 

0 

Todd 

0 

0 

0 

0 

0 

Trigg 

2 

0 

0 

0 

2 

Union 

177 

54 

8 

15 

254 

Webster 

25 

7 

1 

2 

35 
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Table  68:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Ballard 

8,286 

3,113 

805 

Caldwell 

13,060 

20 

5 

Calloway 

34,177 

3,064 

845 

Carlisle 

5,351 

2,548 

674 

Christian 

72,265 

15 

5 

Crittenden 

9,384 

0 

0 

Daviess 

91,545 

9,697 

2,362 

Fulton 

7,752 

2,769 

897 

Graves 

37,028 

10,745 

2,883 

Hancock 

8,392 

0 

0 

Henderson 

44,829 

4,864 

1,304 

Hickman 

5,262 

1,779 

498 

Hopkins 

46,519 

2,453 

584 

Livingston 

9,804 

504 

126 

Logan 

26,573 

0 

0 

Lyon 

8,080 

212 

60 

Madison 

70,872 

0 

0 

Marshall 

30,125 

5,553 

1,360 

Mason 

16,800 

0 

0 

Muhlenberg 

31,839 

975 

294 

Ohio 

22,916 

0 

0 

Todd 

11,971 

0 

0 

Trigg 

12,597 

1 

0 

Union 

15,637 

3,907 

1,010 

Webster 

14,120 

745 

192 
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Table  69:  Shelter  Requirements 


Counties 

Total 

Space  Required 
(sq.  ft.) 

Sleeping 
Space 
Required 
(sq.  ft.) 

Water 
Required 
Week  1 
(gallons) 

Ice 

Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Ballard 

386,400 

48,300 

28,175 

45,080 

11,270 

Caldwell 

2,400 

300 

175 

280 

70 

Calloway 

405,600 

50,700 

29,575 

47,320 

11,830 

Carlisle 

323,520 

40,440 

23,590 

37,744 

9,436 

Christian 

2,400 

300 

175 

280 

70 

Crittenden 

0 

0 

0 

0 

0 

Daviess 

1,133,760 

141,720 

82,670 

132,272 

33,068 

Fulton 

430,560 

53,820 

31,395 

50,232 

12,558 

Graves 

1,383,840 

172,980 

100,905 

161,448 

40,362 

Hancock 

0 

0 

0 

0 

0 

Henderson 

625,920 

78,240 

45,640 

73,024 

18,256 

Hickman 

239,040 

29,880 

17,430 

27,888 

6,972 

Hopkins 

280,320 

35,040 

20,440 

32,704 

8,176 

Livingston 

60,480 

7,560 

4,410 

7,056 

1,764 

Logan 

0 

0 

0 

0 

0 

Lyon 

28,800 

3,600 

2,100 

3,360 

840 

Madison 

0 

0 

0 

0 

0 

Marshall 

652,800 

81,600 

47,600 

76,160 

19,040 

Mason 

0 

0 

0 

0 

0 

Muhlenberg 

141,120 

17,640 

10,290 

16,464 

4,116 

Ohio 

0 

0 

0 

0 

0 

Todd 

0 

0 

0 

0 

0 

Trigg 

0 

0 

0 

0 

0 

Union 

484,800 

60,600 

35,350 

56,560 

14,140 

Webster 

92,160 

11,520 

6,720 

10,752 

2,688 
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Table  70:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Ballard 

86.9 

96.2 

183.1 

Caldwell 

3.3 

1.4 

4.7 

Calloway 

122.0 

128.5 

250.5 

Carlisle 

66.0 

68.8 

134.8 

Christian 

16.5 

7.6 

24.1 

Crittenden 

2.1 

0.8 

2.9 

Daviess 

158.0 

175.4 

333.4 

Fulton 

78.1 

90.8 

168.9 

Graves 

306.8 

340.4 

647.1 

Hancock 

0.1 

0.0 

0.1 

Henderson 

87.3 

93.1 

180.3 

Hickman 

50.5 

51.3 

101.8 

Hopkins 

49.1 

40.5 

89.6 

Livingston 

23.9 

20.6 

44.5 

Logan 

0.4 

0.1 

0.5 

Lyon 

6.3 

4.8 

11.1 

Madison 

215.2 

227.1 

442.3 

Marshall 

756.3 

879.5 

1,635.8 

Mason 

7.1 

6.0 

13.1 

Muhlenberg 

16.2 

18.6 

34.8 

Ohio 

0.3 

0.0 

0.4 

Todd 

0.2 

0.0 

0.2 

Trigg 

3.4 

1.4 

4.8 

Union 

65.6 

71.6 

137.1 

Webster 

14.4 

12.6 

27.1 
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Mississippi  -  New  Madrid  Seismic  Zone  Scenario 


Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  approximately  2  million  tons  of  debris, 
which  will  require  80,000  truckloads,  each  with  25-ton  capacity.  Of  the  debris,  42%  (840 
thousand  tons)  will  be  brick,  wood,  and  building  contents,  with  steel  and  concrete 
comprising  the  balance  (1,160  thousand  tons). 

There  are  roughly  2.8  million  people  that  reside  in  the  State  of  Mississippi.  A  Mw7.7 
event  in  the  NMSZ  displaces  21,000  people  with  the  majority  of  those  people  living  in 
the  25  critical  counties.  This  estimate  is  only  based  on  structural  damage.  If  utility  service 
interruptions  are  considered,  the  estimates  of  displaced  people  will  be  substantially 
greater.  Based  on  the  demographic  makeup  of  Mississippi  it  is  estimated  that  5,550  of  the 
displaced  residents  will  seek  public  shelter.  The  remainder  of  the  displaced  population 
will  seek  shelter  with  family  or  friends.  To  accommodate  these  people,  a  total  area  of 
2,671,680  square  feet  will  be  required,  with  333,960  square  feet  utilized  exclusively  for 
sleeping.  The  balance  of  the  area  is  reserved  for  supporting  services.  Space  would  be 
provided  for  5,550  beds  or  cots.  For  more  detailed  estimates  of  displaced  population  and 
the  requirements  of  that  population,  please  see  the  tables  at  the  conclusion  of  this 
scenario  discussion.  During  the  first  week  post-event,  the  temporary  shelter  population 
will  require  39,000  gallons  of  water,  312,000  pounds  of  ice,  and  four  truckloads  of 
78,000  MRE’s  (meals  ready  to  eat)  in  total.  Quantities  are  displayed  for  the  25  critical 
counties  for  feeding,  ice,  and  sleeping  space  requirements. 


Table  71:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

25  Critical  Counties 

748,030 

20,832 

5,555 

Remaining  Counties 

2,096,628 

34 

11 

Total  State 

2,844,658 

20,866 

5,566 

Table  72:  Worst  Case  Casualties  -  Event  Occurs  at  2:00  PM 


Worst  Case  Casualties  (2:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

25  Critical  Counties 

2,036 

474 

45 

86 

2,641 

Other  Remaining  Counties 

855 

294 

65 

122 

1,336 

Total  State 

2,891 

768 

110 

208 

3,977 
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Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00 
AM,  the  majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are 
commuting  at  5:00  PM.  The  NMSZ  event  in  Mississippi  results  in  the  greatest  number  of 
casualties  if  the  event  occurs  at  2:00  PM.  A  total  of  3,977  casualties  are  expected  from 
this  event.  There  are  208  estimated  fatalities  and  roughly  2,891  people  are  expected  to 
experience  minor  injuries,  termed  a  ‘Level  1’  casualty.  The  descriptions  of  each  casualty 
severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality. 
Listed  below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications 
(colors)  defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 


Estimated  number  of  displaced  people  with 
chronic  illnesses 


Figure  15:  Displaced  People  with  Chronic  Illness 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (21,000 
people)  and  the  prevalence  of  chronic  conditions  within  Mississippi  (Milken  Institute, 
2007),  it  is  estimated  that  there  will  be  approximately  13,251  chronic  cases  that  need  to 
be  cared  for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer  from 
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more  than  one  condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers, 
hearing  aids,  and  dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups; 
buildings,  transportation,  and  utilities.  Residential  occupancy  represents  the  largest 
portion  of  direct  economic  building  loss  in  comparison  to  all  other  occupancy  types. 
Figure  16  illustrates  the  building  loss  ratios  for  the  entire  state.  Loss  ratios  indicate  the 
percentage  of  building  dollar  value  lost  due  to  seismic  activity.  This  percentage  indicates 
the  structural  and  non-structural  building  value  lost  in  comparison  to  the  total  value  of  all 
buildings  prior  to  damage.  Loss  ratios  are  an  excellent  indicator  of  relative  economic  loss 
because  the  value  lost  is  correlated  to  the  total  value  of  buildings,  as  opposed  to  an 
absolute  scale  of  dollar  value  lost  which  can  be  skewed  by  greater  building  values  in  a 
census  tract.  The  greatest  loss  ratios  are  estimated  at  33%,  and  occur  in  the  northwestern 
Mississippi  counties  (Desoto,  Tate,  and  Tunica)  where  shaking  is  most  intense. 
Additionally,  portions  of  Marshall  and  Lafayette  Counties,  where  shaking  is  moderate, 
show  loss  ratios  between  10%  and  20%.  These  loss  ratios  should  be  considered  a  concern 
since  10%  to  20%  of  the  total  building  value  in  a  given  census  tract  is  lost.  It  is  more 
common  to  see  ratios  between  0%  and  10%  in  the  remainder  of  the  state  which  is  not  as 
critical  although  still  warrant  consideration.  Non-structural  damage,  including  damage  to 
finishes,  drywall,  and  flooring  surfaces,  total  nearly  $1.9  billion,  or  roughly  half  of  total 
building  losses.  Structural  losses  only  contribute  to  15%  of  all  building  losses.  The 
remaining  building  losses  are  attributed  to  non-structural  contents  damage  and  business 
interruption  losses. 


Table  73:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

28.23 

166.29 

25.07 

11.27 

230.86 

Capital- 

Related 

0.00 

12.18 

129.50 

15.13 

3.26 

160.07 

Rental 

38.08 

52.80 

63.56 

9.02 

4.23 

167.68 

Relocation 

4.09 

1.54 

4.40 

0.37 

1.50 

11.91 

Subtotal 

42.17 

94.76 

363.75 

49.59 

20.26 

570.53 

Capital  Stock  Loses 

Structural 

191.79 

114.39 

149.87 

78.50 

33.16 

567.70 

Non-Structural 

793.46 

375.21 

383.84 

222.06 

80.76 

1,855.33 

Content 

282.15 

74.81 

179.88 

141.77 

39.33 

717.94 

Inventory 

0.00 

0.00 

9.65 

47.64 

1.20 

58.49 

Subtotal 

1,267.40 

564.41 

723.23 

489.96 

154.45 

3,199.46 

Total 

1,309.57 

659.17 

1,086.98 

539.55 

174.72 

3,769.99 

Total  direct  economic  losses  for  the  state  reach  over  $9.2  billion  from  the  NMSZ  Mw7.7 
event.  The  majority  of  these  losses  are  attributed  to  utility  losses,  in  the  amount  of  $5.44 
billion,  or  nearly  60%  of  total  direct  losses  (see  Table  76).  Transportation  and  building 
losses  contribute  far  less,  with  roughly  3%  and  41%  of  the  total  losses,  respectively. 
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Table  74:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%> 

Highway 

Segments 

48,744.44 

84.84 

0.17 

Bridges 

10,003.59 

81.01 

0.81 

Tunnels 

0.00 

0.00 

0.00 

Railways 

Segments 

3,114.15 

4.32 

0.14 

Bridges 

6.09 

0.01 

0.19 

Facilities 

140.83 

4.78 

3.39 

Bus 

Facilities 

37.06 

1.84 

4.97 

Light  Rail 

Segments 

0.00 

0.00 

0.00 

Facilities 

0.00 

0.00 

0.00 

Ferry 

Facilities 

0.00 

0.00 

0.00 

Port 

Facilities 

498.48 

16.94 

3.40 

Airport 

Facilities 

1,185.92 

71.54 

6.03 

Runways 

5,415.69 

14.45 

0.27 

Total 

69,176.25 

279.73 

Table  75:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value  Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

481.20 

6.45 

1.34 

Distribution  Lines 

3,419.10 

32.97 

0.96 

Waste  Water 

Facilities 

174,358.80 

3,855.10 

2.21 

Distribution  Lines 

2,051.50 

26.08 

1.27 

Natural  Gas 

Facilities 

384.50 

9.04 

2.35 

Local  Pipelines 

1,367.60 

27.88 

2.04 

Regional  Pipelines 

10,593.50 

2.85 

0.03 

Oil  Systems 

Facilities 

8.90 

0.07 

0.73 

Regional  Pipelines 

3,053.90 

0.26 

0.01 

Electrical  Power 

Facilities 

69,938.00 

1,460.34 

2.09 

Communication 

Facilities 

783.40 

20.89 

2.67 

Total 

266,440.45 

5,441.93 

Table  76:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$131,314,000,000 

$69,176,250,000 

$266,440,450,000 

$3,769,990,000 

$279,730,000 

$5,441,930,000 

Total 

$466,930,700,000 

$9,491,650,000 
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Figure  16:  Loss  Ratio  (%  of  Total  Building  Assets) 
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Additional  information  on  social  impacts  for  the  25  critical  counties  is  illustrated  in  the 
following  tables. 


Table  77:  Time-of-Day  Casualties,  2:00  PM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Alcorn 

19 

3 

0 

0 

23 

Benton 

26 

5 

0 

1 

33 

Bolivar 

18 

3 

0 

0 

21 

Calhoun 

3 

0 

0 

0 

3 

Chickasaw 

5 

0 

0 

0 

5 

Coahoma 

25 

4 

0 

1 

30 

Desoto 

926 

240 

25 

46 

1,237 

Grenada 

12 

2 

0 

0 

14 

Itawamba 

4 

0 

0 

0 

5 

Lafayette 

123 

26 

3 

6 

158 

Lee 

15 

1 

0 

0 

16 

Marshall 

147 

30 

3 

5 

184 

Monroe 

7 

1 

0 

0 

8 

Panola 

103 

18 

1 

2 

124 

Pontotoc 

5 

0 

0 

0 

6 

Prentiss 

5 

0 

0 

0 

6 

Quitman 

12 

2 

0 

0 

15 

Sunflower 

15 

3 

0 

0 

18 

Tallahatchie 

26 

4 

0 

0 

31 

Tate 

195 

48 

5 

9 

257 

Tippah 

58 

11 

1 

2 

71 

Tishomingo 

4 

0 

0 

0 

4 

Tunica 

252 

68 

7 

13 

340 

Union 

28 

5 

0 

1 

34 

Yalobusha 

3 

0 

0 

0 

3 
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Table  78:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Alcorn 

34,558 

101 

28 

Benton 

8,026 

211 

68 

Bolivar 

40,633 

125 

49 

Calhoun 

15,069 

1 

0 

Chickasaw 

19,440 

1 

0 

Coahoma 

30,622 

205 

75 

Desoto 

107,199 

11,438 

2,556 

Grenada 

23,263 

93 

27 

Itawamba 

22,770 

0 

0 

Lafayette 

38,744 

844 

283 

Lee 

75,755 

9 

2 

Marshall 

34,993 

1,318 

391 

Monroe 

38,014 

2 

1 

Panola 

34,274 

851 

271 

Pontotoc 

26,726 

1 

0 

Prentiss 

25,556 

2 

1 

Quitman 

10,117 

130 

48 

Sunflower 

34,369 

50 

28 

Tallahatchie 

14,903 

278 

96 

Tate 

25,370 

2,114 

606 

Tippah 

20,826 

359 

102 

Tishomingo 

19,163 

1 

0 

Tunica 

9,227 

2,494 

869 

Union 

25,362 

203 

54 

Yalobusha 

13,051 

1 

0 
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Table  79:  Shelter  Requirements 


Counties 

Total 

Space  Required 
(sq.  ft.) 

Sleeping 
Space 
Required 
(sq.  ft.) 

Water 
Required 
Week  1 
(gallons) 

Ice 

Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Alcorn 

13,440 

1,680 

980 

1,568 

392 

Benton 

32,640 

4,080 

2,380 

3,808 

952 

Bolivar 

23,520 

2,940 

1,715 

2,744 

686 

Calhoun 

0 

0 

0 

0 

0 

Chickasaw 

0 

0 

0 

0 

0 

Coahoma 

36,000 

4,500 

2,625 

4,200 

1,050 

Desoto 

1,226,880 

153,360 

89,460 

143,136 

35,784 

Grenada 

12,960 

1,620 

945 

1,512 

378 

Itawamba 

0 

0 

0 

0 

0 

Lafayette 

135,840 

16,980 

9,905 

15,848 

3,962 

Lee 

960 

120 

70 

112 

28 

Marshall 

187,680 

23,460 

13,685 

21,896 

5,474 

Monroe 

480 

60 

35 

56 

14 

Panola 

130,080 

16,260 

9,485 

15,176 

3,794 

Pontotoc 

0 

0 

0 

0 

0 

Prentiss 

480 

60 

35 

56 

14 

Quitman 

23,040 

2,880 

1,680 

2,688 

672 

Sunflower 

13,440 

1,680 

980 

1,568 

392 

Tallahatchie 

46,080 

5,760 

3,360 

5,376 

1,344 

Tate 

290,880 

36,360 

21,210 

33,936 

8,484 

Tippah 

48,960 

6,120 

3,570 

5,712 

1,428 

Tishomingo 

0 

0 

0 

0 

0 

Tunica 

417,120 

52,140 

30,415 

48,664 

12,166 

Union 

25,920 

3,240 

1,890 

3,024 

756 

Yalobusha 

0 

0 

0 

0 

0 
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Table  80:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Alcorn 

14.62 

8.88 

23.50 

Benton 

12.68 

11.47 

24.15 

Bolivar 

10.42 

9.63 

20.04 

Calhoun 

3.06 

1.61 

4.67 

Chickasaw 

4.19 

2.25 

6.44 

Coahoma 

13.66 

32.85 

46.51 

Desoto 

360.68 

533.81 

894.49 

Grenada 

8.97 

9.81 

18.78 

Itawamba 

4.36 

1.68 

6.03 

Lafayette 

102.37 

278.90 

381.27 

Lee 

22.78 

15.97 

38.75 

Marshall 

64.19 

64.34 

128.53 

Monroe 

6.56 

2.64 

9.19 

Panola 

49.73 

60.55 

110.28 

Pontotoc 

4.94 

2.29 

7.24 

Prentiss 

5.23 

2.17 

7.40 

Quitman 

5.24 

6.62 

11.86 

Sunflower 

5.57 

7.70 

13.27 

Tallahatchie 

11.03 

15.15 

26.18 

Tate 

72.97 

90.66 

163.63 

Tippah 

39.79 

50.79 

90.58 

Tishomingo 

4.34 

1.84 

6.18 

Tunica 

58.03 

64.04 

122.07 

Union 

17.17 

12.04 

29.21 

Yalobusha 

2.40 

0.77 

3.17 
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Missouri  -  New  Madrid  Seismic  Zone  Scenario 


Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  approximately  6  million  tons  of  debris, 
which  will  require  240,000  truckloads,  each  with  25-ton  capacity.  Of  the  debris,  48 
percent  (2.9  million  tons)  will  be  brick,  wood,  and  building  contents,  with  steel  and 
concrete  comprising  the  balance  (3.1  million  tons). 

There  are  roughly  5.6  million  people  that  reside  in  the  State  of  Missouri.  A  Mw7.7  event 
in  the  NMSZ  displaces  122,000  people  with  the  majority  of  those  people  living  in  the  46 
critical  counties.  This  estimate  is  only  based  on  structural  damage.  If  utility  service 
interruptions  are  considered,  the  estimates  of  displaced  people  will  be  substantially 
greater.  Based  on  the  demographic  makeup  of  Missouri  it  is  estimated  that  36,700  of  the 
displaced  residents  will  seek  public  shelter.  The  remainder  of  the  displaced  population 
will  seek  shelter  with  family  or  friends.  To  accommodate  these  people,  a  total  area  of 
17,617,000  square  feet  of  shelter  space  will  be  required,  with  2,202,000  square  feet 
utilized  exclusively  for  sleeping.  The  balance  of  the  area  is  reserved  for  supporting 
services.  Space  would  be  provided  for  36,700  beds  or  cots.  For  more  detailed  estimates  of 
displaced  population  and  the  requirements  of  that  population,  please  see  the  tables  at  the 
conclusion  of  this  scenario  discussion.  During  the  first  week  post-event,  the  temporary 
shelter  population  will  require  1,284,570  gallons  of  water,  2,055,312  pounds  of  ice,  and 
24  truckloads  for  a  total  of  513,828  MRE’s  (meals  ready  to  eat)  in  total.  Quantities  are 
displayed  for  the  46  critical  counties  for  feeding,  ice,  and  sleeping  space  requirements. 


Table  81:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

46  Critical  Counties 

3,043,805 

121,927 

36,702 

Remaining  Counties 

2,551,406 

2 

2 

Total  State 

5,595,211 

121,929 

36,704 

Table  82:  Worst  Case  Casualties  -  Event  Occurs  at  2:00  AM 


Worst  Case  Casualties  (2:00  AM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

46  Critical  Counties 

11,267 

3,177 

401 

760 

15,605 

Remaining  Counties 

33 

1 

0 

0 

34 

Total 

11,300 

3,178 

401 

760 

15,639 
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Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00 
AM,  the  majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are 
commuting  at  5:00  PM.  The  NMSZ  event  in  Missouri  results  in  the  greatest  number  of 
casualties  if  the  event  occurs  at  2:00  AM.  A  total  of  15,639  casualties  are  expected  from 
this  event.  There  are  760  estimated  fatalities  which  occur  within  the  critical  counties. 
Additionally,  about  11,300  people  are  expected  to  experience  minor  injuries,  termed  a 
‘Level  1  ’  casualty.  The  descriptions  of  each  casualty  severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality. 
Listed  below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications 
(colors)  defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 


Estimated  number  of  displaced  people  with 
chronic  illnesses 


x 


Figure  17:  Estimated  Number  of  Displaced  People  with  Chronic  Illnesses 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (121,928 
people)  and  the  prevalence  of  chronic  conditions  within  Missouri  (Milken  Institute,  2007), 
it  is  estimated  that  there  will  be  approximately  72,181  chronic  cases  that  need  to  be  cared 
for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer  from  more  than 
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one  condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers,  hearing  aids,  and 
dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups; 
buildings,  transportation  and  utilities.  Residential  occupancy  represents  the  largest 
portion  of  direct  economic  building  loss  in  comparison  to  all  other  occupancy  types. 
Figure  18  illustrates  the  building  loss  ratios  for  the  entire  state.  Loss  ratios  indicate  the 
percentage  of  building  dollar  value  lost  due  to  seismic  activity.  This  percentage  indicates 
the  structural  and  non-structural  building  value  lost  in  comparison  to  the  total  value  of  all 
buildings  prior  to  damage.  Loss  ratios  are  an  excellent  indicator  of  relative  economic  loss 
because  the  value  lost  is  correlated  to  the  total  value  of  buildings,  as  opposed  to  an 
absolute  scale  of  dollar  value  lost  which  can  be  skewed  by  greater  building  values  in  a 
census  tract.  The  greatest  loss  ratio  is  estimated  at  91%,  and  occurs  in  western  New 
Madrid  and  central  Dunklin  Counties  where  shaking  is  most  intense.  Other  portions  of 
these  two  counties  also  experience  very  high  loss  ratios.  Additionally,  Pemiscot,  Stoddard, 
Butler  and  Scott  Counties  show  significant  loss  ratios  of  50%  or  more.  Other  counties  in 
the  southeastern  portion  of  Missouri  experience  loss  ratios  greater  than  20%,  though 
ratios  between  0%  and  10%  are  expected  in  the  remainder  of  the  state.  Non-structural 
damage,  including  damage  to  finishes,  drywall,  and  flooring  surfaces,  total  nearly  $6.5 
billion  or  over  55%  of  total  building  losses.  Structural  losses  only  contribute  15%  of  all 
building  losses.  The  remaining  building  losses  are  attributed  to  content  and  business 
interruption  losses. 

Total  direct  economic  losses  for  the  State  reach  nearly  $38.7  billion  from  the  NMSZ 
Mw7.7  event.  The  majority  of  losses  are  attributed  to  utility  losses,  $25.1  billion,  or 
nearly  two-thirds  of  total  direct  losses  (see  Table  86).  Transportation  and  building  losses 
contribute  far  less,  with  roughly  5%  and  31%  of  the  total  losses,  respectively. 


Table  83:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

39.70 

338.40 

11.53 

19.36 

408.99 

Capital- 

Related 

0.00 

17.57 

267.94 

7.08 

7.20 

299.79 

Rental 

185.37 

219.57 

131.29 

3.76 

7.47 

547.47 

Relocation 

20.49 

5.23 

8.48 

0.29 

2.67 

37.18 

Subtotal 

205.87 

282.07 

746.12 

22.67 

36.69 

1,293.42 

Capital  Stock  Loses 

Structural 

818.20 

365.10 

412.30 

59.66 

116.84 

1,772.10 

Non-Structural 

2,807.49 

1,777.17 

1,322.23 

259.97 

288.66 

6,455.52 

Content 

795.24 

418.25 

672.28 

168.21 

157.53 

2,211.50 

Inventory 

0.00 

0.00 

28.49 

41.02 

9.36 

78.89 

Subtotal 

4,420.92 

2,560.51 

2,435.31 

528.87 

572.40 

10,518.00 

Total 

4,626.80 

2,842.59 

3,181.43 

551.54 

609.08 

11,811.43 
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Table  84:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%> 

Highway 

Segments 

$82,631.70 

$832.06 

0.01 

Bridges 

$14,588.52 

$327.51 

0.02 

Tunnels 

$0.00 

$0.00 

0.00 

Railways 

Segments 

$5,851.51 

$70.29 

0.01 

Bridges 

$24.79 

$0.35 

0.01 

Facilities 

$280.68 

$39.13 

0.14 

Bus 

Facilities 

$80.83 

$8.03 

0.10 

Light  Rail 

Segments 

$18.26 

$0.05 

0.01 

Facilities 

$38.17 

$38.17 

1.00 

Ferry 

Facilities 

$8.98 

$7.86 

1.00 

Port 

Facilities 

$496.38 

$86.68 

0.17 

Airport 

Facilities 

$3,132.34 

$223.34 

0.07 

Runways 

$14,085.45 

$138.00 

0.01 

Total 

$121,237.61 

$1,772.59 

Table  85:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

$294,937.10 

$14,585.64 

0.05 

Distribution  Lines 

$5,340.80 

$234.20 

0.04 

Waste  Water 

Facilities 

$90,000.50 

$3,624.10 

0.04 

Distribution  Lines 

$3,204.50 

$185.23 

0.06 

Natural  Gas 

Facilities 

$397.50 

$36.27 

0.09 

Local  Pipelines 

$2,136.30 

$198.01 

0.09 

Regional  Pipelines 

$3,220.20 

$7.94 

0.00 

Oil  Systems 

Facilities 

$12.30 

$1.96 

0.03 

Regional  Pipelines 

$4,162.20 

$0.33 

0.00 

Electrical  Power 

Facilities 

$159,299.80 

$6,170.69 

0.04 

Communication 

Facilities 

$2,149.80 

$93.94 

0.04 

Total 

$564,861.00 

$25,138.31 

Table  86:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$334,877,000,000 

$121,237,610,000 

$564,861,000,000 

$11,811,430,000 

$1,772,590,000 

$25,138,310,000 

Total 

$1,020,975,610,000 

$38,722,330,000 
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Additional  information  on  social  impacts  for  the  46  critical  counties  is  illustrated  in  the 
following  tables. 


Table  87:  Time-of-Day  Casualties,  2:00  AM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury- 
Delayed  Attention) 

Level  III 
(Severe  Injury- 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Audrain 

0 

0 

0 

0 

0 

Bollinger 

118 

31 

4 

7 

160 

Boone 

2 

0 

0 

0 

2 

Butler 

1,558 

468 

66 

128 

2,220 

Callaway 

1 

0 

0 

0 

1 

Cape 

Girardeau 

490 

121 

15 

28 

654 

Carter 

28 

6 

1 

1 

36 

Cole 

1 

0 

0 

0 

1 

Crawford 

0 

0 

0 

0 

0 

Dent 

0 

0 

0 

0 

0 

Douglas 

0 

0 

0 

0 

0 

Dunklin 

1,786 

521 

66 

125 

2,498 

Franklin 

2 

0 

0 

0 

2 

Gasconade 

0 

0 

0 

0 

0 

Howell 

1 

0 

0 

0 

1 

Iron 

3 

0 

0 

0 

3 

Jefferson 

72 

14 

2 

2 

90 

Lincoln 

1 

0 

0 

0 

1 

Madison 

12 

3 

0 

1 

16 

Maries 

0 

0 

0 

0 

0 

Miller 

0 

0 

0 

0 

0 

Mississippi 

314 

85 

10 

18 

427 

Montgomery 

0 

0 

0 

0 

0 

New  Madrid 

893 

254 

31 

59 

1,237 

Oregon 

6 

2 

0 

0 

8 

Osage 

0 

0 

0 

0 

0 

Ozark 

0 

0 

0 

0 

0 

Pemiscot 

984 

285 

37 

70 

1,376 

Perry 

14 

3 

0 

1 

18 

Phelps 

1 

0 

0 

0 

1 

Pike 

0 

0 

0 

0 

0 

Pulaski 

1 

0 

0 

0 

1 

Reynolds 

7 

2 

0 

0 

9 

Ripley 

215 

55 

6 

12 

288 

Saint  Charles 
Sainte 

3 

0 

0 

0 

3 

Genevieve 

5 

0 

0 

0 

5 

Saint  Francois 
St.  Louis  City 

12 

1 

0 

0 

13 

&  St.  Louis 
County 

2,026 

556 

65 

122 

2,769 

Scott 

1,058 

296 

37 

69 

1,460 

Shannon 

3 

0 

0 

0 

3 
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Stoddard 

1,490 

435 

57 

109 

2,091 

Texas 

1 

0 

0 

0 

1 

Warren 

0 

0 

0 

0 

0 

Washington 

5 

0 

0 

0 

5 

Wayne 

154 

39 

4 

8 

205 

503 


Table  88:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter-Seeking  Population 

Audrain 

25,853 

0 

0 

Bollinger 

12,029 

1,213 

0 

Boone 

135,454 

1 

0 

Butler 

40,867 

15,116 

0 

Callaway 

40,766 

0 

127 

Cape  Girardeau 

68,693 

4,562 

0 

Carter 

5,941 

236 

34 

Cole 

71,397 

0 

0 

Crawford 

22,804 

0 

0 

Dent 

14,927 

0 

1,160 

Douglas 

13,084 

0 

0 

Dunklin 

33,155 

20,574 

3,097 

Franklin 

93,807 

0 

17 

Gasconade 

15,342 

0 

0 

Howell 

37,238 

0 

0 

Iron 

10„697 

1 

3,566 

Jefferson 

198,099 

625 

30 

Lincoln 

38,944 

0 

0 

Madison 

11,800 

120 

0 

Maries 

8,903 

0 

0 

Miller 

23,564 

0 

18 

Mississippi 

13,427 

3,651 

655 

Montgomery 

12,136 

0 

0 

New  Madrid 

19,760 

10,341 

0 

Oregon 

10,344 

54 

1 

Osage 

13,062 

0 

510 

Ozark 

9,542 

0 

3,085 

Pemiscot 

20,047 

10,911 

0 

Perry 

18,132 

123 

4,483 

Phelps 

39,825 

0 

0 

Pike 

18,351 

0 

0 

Pulaski 

41,165 

0 

0 

Reynolds 

6,689 

60 

482 

Ripley 

13,509 

2,182 

7,316 

St.  Charles 

283,883 

0 

0 

Ste.  Genevieve 

17,842 

1 

0 

St.  Francois 

55,641 

5 

0 

St.  Louis 

1,016,315 

1,866 

0 

Scott 

40,422 

11,221 

127 

Shannon 

8,324 

0 

0 

Stoddard 

29,705 

16,226 

34 

Texas 

23,003 

0 

0 

Warren 

24,525 

0 

0 

Washington 

23,344 

1 

1,160 

Wayne 

13,259 

1,714 

0 

St.  Louis  City 

348,189 

21,123 

3,097 
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Table  89:  Shelter  Requirements 


Counties 

Total  Space 
Required 

(  ft-2) 

Sleeping  Space 
Required  (ft.2) 

Water 

Required  Week 

1  (gallons) 

Ice  Required 
Week  1  (lbs.) 

MREs 
Required 
Week  1 

Audrain 

0 

0 

0 

0 

0 

Bollinger 

157,920 

0 

0 

0 

0 

Boone 

0 

0 

0 

0 

0 

Butler 

2,055,360 

0 

0 

0 

0 

Callaway 

0 

7,620 

889 

7,112 

1,778 

Cape  Girardeau 

560,160 

0 

0 

0 

0 

Carter 

36,480 

2,040 

238 

1,904 

476 

Cole 

0 

0 

0 

0 

0 

Crawford 

0 

0 

0 

0 

0 

Dent 

0 

69,600 

8120 

64,960 

16,240 

Douglas 

0 

0 

0 

0 

0 

Dunklin 

3,008,160 

185,820 

21,679 

173,432 

43,358 

Franklin 

0 

1,020 

119 

952 

238 

Gasconade 

0 

0 

0 

0 

0 

Howell 

0 

0 

0 

0 

0 

Iron 

0 

213,960 

24,962 

199,696 

49,924 

Jefferson 

60,960 

1,800 

210 

1,680 

420 

Lincoln 

0 

0 

0 

0 

0 

Madison 

16,320 

0 

0 

0 

0 

Maries 

0 

0 

0 

0 

0 

Miller 

0 

1,080 

126 

1,008 

252 

Mississippi 

556,800 

39,300 

4,585 

36,680 

9,170 

Montgomery 

0 

0 

0 

0 

0 

New  Madrid 

1,486,560 

0 

0 

0 

0 

Oregon 

8,160 

60 

7 

56 

14 

Osage 

0 

30,600 

3,570 

28,560 

7,140 

Ozark 

0 

185,100 

21,595 

172,760 

43,190 

Pemiscot 

1,711,680 

0 

0 

0 

0 

Perry 

14,400 

268,980 

31,381 

251,048 

62,762 

Phelps 

0 

0 

0 

0 

0 

Pike 

0 

0 

0 

0 

0 

Pulaski 

0 

0 

0 

0 

0 

Reynolds 

8,640 

28,920 

3,374 

26,992 

6,748 

Ripley 

314,400 

438,960 

51,212 

409,696 

102,424 

St.  Charles 

0 

0 

0 

0 

0 

Ste.  Genevieve 

0 

0 

0 

0 

0 

St.  Francois 

480 

0 

0 

0 

0 

St.  Louis 

244,800 

0 

0 

0 

0 

Scott 

1,480,800 

7,620 

889 

7,112 

1,778 

Shannon 

0 

0 

0 

0 

0 

Stoddard 

2,151,840 

2,040 

238 

1,904 

476 

Texas 

0 

0 

0 

0 

0 

Warren 

0 

0 

0 

0 

0 

Washington 

0 

69,600 

8,120 

64,960 

16,240 

Wayne 

231,360 

0 

0 

0 

0 

St.  Louis  City 

3,511,680 

185,820 

21,679 

173,432 

43,358 
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Table  90:  Total  Debris 


Counties 

Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

Audrain 

1 

0 

1 

Bollinger 

39 

34 

73 

Boone 

3 

0 

3 

Butler 

418 

554 

971 

Callaway 

1 

0 

1 

Cape  Girardeau 

207 

218 

425 

Carter 

12 

9 

22 

Cole 

1 

0 

2 

Crawford 

0 

0 

1 

Dent 

0 

0 

0 

Douglas 

0 

0 

0 

Dunklin 

397 

444 

841 

Franklin 

2 

0 

2 

Gasconade 

0 

0 

0 

Howell 

1 

0 

1 

Iron 

3 

1 

4 

Jefferson 

43 

18 

61 

Lincoln 

1 

0 

1 

Madison 

6 

3 

9 

Maries 

0 

0 

0 

Miller 

0 

0 

1 

Mississippi 

77 

73 

151 

Montgomery 

0 

0 

0 

New  Madrid 

218 

246 

464 

Oregon 

3 

1 

4 

Osage 

0 

0 

0 

Ozark 

0 

0 

0 

Pemiscot 

235 

290 

525 

Perry 

9 

5 

14 

Phelps 

1 

0 

1 

Pike 

0 

0 

0 

Pulaski 

1 

0 

1 

Reynolds 

4 

2 

6 

Ripley 

70 

74 

145 

Saint  Charles 

5 

0 

5 

Saint  Francois 

12 

4 

17 

Sainte  Genevieve 

6 

2 

8 

Saint  Louis 

184 

79 

263 

Saint  Louis  City 

513 

564 

1,077 

Scott 

285 

335 

620 

Shannon 

2 

1 

3 

Stoddard 

344 

377 

721 

Texas 

0 

0 

1 

Warren 

0 

0 

1 

Washington 

4 

1 

5 

Wayne 

63 

51 

114 
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Tennessee  -  New  Madrid  Seismic  Zone  Scenario 


Social  and  economic  losses,  as  well  as  induced  damage,  result  from  direct  damage  to 
infrastructure.  The  social  impacts  included  in  this  seismic  impact  assessment  include 
displaced  population  estimates,  food,  ice,  lodging  and  medical  requirements  for  the 
shelter-seeking  population,  and  casualty  estimates. 

Damage  to  the  built  environment  will  generate  over  20.0  million  tons  of  debris,  which 
will  require  800,000  truckloads,  each  with  25-ton  capacity.  Of  the  debris,  43%  (8.8 
million  tons)  will  be  brick,  wood,  and  building  contents,  with  steel  and  concrete 
comprising  the  balance  (1 1.9  million  tons). 

There  are  roughly  5.7  million  people  that  reside  in  the  State  of  Tennessee.  A  Mw7.7  event 
in  the  NMSZ  displaces  nearly  263,000  people  with  the  majority  of  those  people  living  in 
the  37  critical  counties.  This  estimate  is  only  based  on  structural  damage.  If  utility  service 
interruptions  are  considered,  the  estimates  of  displaced  people  will  be  substantially 
greater.  Based  on  the  demographic  makeup  of  Tennessee  it  is  estimated  that  nearly 
73,300  of  the  displaced  residents  will  seek  public  shelter.  The  remainder  of  the  displaced 
population  will  seek  shelter  with  family  or  friends.  To  accommodate  these  people,  a  total 
area  of  35,180,640  square  feet  of  shelter  space  will  be  required,  with  4,397,580  square 
feet  utilized  exclusively  for  sleeping.  The  balance  of  the  area  is  reserved  for  supporting 
services.  Space  would  be  provided  for  approximately  73,300  beds  or  cots.  For  more 
detailed  estimates  of  displaced  population  and  the  requirements  of  that  population,  please 
see  the  tables  at  the  conclusion  of  this  scenario  discussion.  During  the  first  week  post¬ 
event,  the  temporary  shelter  population  will  require  513,051  gallons  of  water,  4,104,408 
pounds  of  ice,  and  48  truckloads  of  1,026,102  MRE’s  (meals  ready  to  eat)  in  total. 
Quantities  are  displayed  for  the  37  critical  counties  for  feeding,  ice,  and  sleeping  space 
requirements. 


Table  91:  Displaced  and  Shelter  Seeking  Population 


Displaced  and  Shelter  Seeking  Population 

Total  Population 

Displaced 

Population 

Shelter  Seeking 
Population 

37  Critical  Counties 

2,699,993 

262,907 

73,293 

Remaining  Counties 

2,989,290 

2 

0 

Total  State 

5,689,283 

262,909 

73,293 

Table  92:  Worst  Case  Casualties  -  Event  Occurs  at  2:00  PM 


Worst  Case  Casualties  (2:00  PM) 

Severity  Level 

Level  1 
(Green) 

Level  2 
(Yellow) 

Level  3 
(Red) 

Level  4 
(Black) 

Total 

37  Critical  Counties 

31,913 

9,706 

1,544 

2,904 

46,067 

Other  Remaining  Counties 

11,419 

3,759 

609 

1,184 

16,971 

Total  State 

43,332 

13,465 

2,153 

4,088 

63,038 
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Casualty  estimates  are  determined  for  three  times  of  day,  which  were  chosen  to  represent 
three  distributions  of  population.  People  are  expected  to  be  home  and  sleeping  at  2:00 
AM,  the  majority  of  the  population  is  working  at  2:00  PM,  and  many  people  are 
commuting  at  5:00  PM.  The  NMSZ  event  in  Tennessee  results  in  the  greatest  number  of 
casualties  if  the  event  occurs  at  2:00  PM.  A  total  of  63,038  casualties  are  expected  from 
this  event.  There  are  4,088  estimated  fatalities  and  roughly  43,332  people  are  expected  to 
experience  minor  injuries,  termed  a  ‘Level  1’  casualty.  The  descriptions  of  each  casualty 
severity  level  are  listed  below. 

Casualties  are  reported  with  Simple  Triage  and  Rapid  Treatment  (START)  terminology. 
Severity  levels  are  indicated  by  color,  green  for  least  severe,  and  black  for  a  fatality. 
Listed  below  are  HAZUS-MH  MR2  “Severity  Levels”  and  START  classifications 
(colors)  defined  with  descriptions  of  typical  injuries  for  each  severity  level: 

•  Severity  Level  1  (Green):  Injuries  will  require  rudimentary  medical 
attention  but  hospitalization  is  not  needed;  injuries  should  be  rechecked 
frequently. 

•  Severity  Level  2  (Yellow):  Injuries  will  require  hospitalization  but  are  not 
considered  life-threatening. 

•  Severity  Level  3  (Red):  Injuries  will  require  hospitalization  and  can 
become  life  threatening  if  not  promptly  treated. 

•  Severity  Level  4  (Black):  Victims  are  killed  as  a  result  of  the  earthquake. 


Estimated  number  of  displaced  people  with  chronic 

illnesses 


Figure  19:  Estimates  Number  of  Displaced  People  with  Chronic  Illnesses 


In  addition  to  acute  illness,  typically  as  a  result  of  the  disaster,  the  needs  of  the 
chronically  ill  are  of  critical  importance  to  prevent  an  increase  in  the  vulnerability  of  the 
population  post-event.  By  combining  estimates  of  the  displaced  population  (262,909 
people)  and  the  prevalence  of  chronic  conditions  within  Tennessee  (Milken  Institute, 
2007),  it  is  estimated  that  there  will  be  approximately  170,365  chronic  cases  that  need  to 
be  cared  for  within  the  displaced  population.  It  is  possible  that  a  person  may  suffer  from 


508 


more  than  one  condition.  Furthermore,  medical  needs  such  as  eyeglasses,  walkers, 
hearing  aids,  and  dental  care  will  also  be  required  post-event. 

Direct  economic  losses  are  determined  for  the  three  primary  infrastructure  groups; 
buildings,  transportation,  and  utilities.  Residential  occupancy  represents  the  largest 
portion  of  direct  economic  building  loss  in  comparison  to  all  other  occupancy  types. 
Figure  20  illustrates  the  building  loss  ratios  for  the  entire  state.  Loss  ratios  indicate  the 
percentage  of  building  dollar  value  lost  due  to  seismic  activity.  This  percentage  indicates 
the  structural  and  non-structural  building  value  lost  in  comparison  to  the  total  value  of  all 
buildings  prior  to  damage.  Loss  ratios  are  an  excellent  indicator  of  relative  economic  loss 
because  the  value  lost  is  correlated  to  the  total  value  of  buildings,  as  opposed  to  an 
absolute  scale  of  dollar  value  lost  which  can  be  skewed  by  greater  building  values  in  a 
census  tract.  The  greatest  loss  ratios  are  estimated  at  62%  and  occur  in  the  western  Tipton 
County  where  shaking  is  most  intense.  Additionally,  portions  of  Crockett  and  Weakley 
Counties  show  loss  ratios  between  30%  and  40%  where  shaking  is  moderate.  These  loss 
ratios  should  be  considered  a  concern  since  30%  to  40%  of  the  total  building  value  in  a 
given  census  tract  is  lost.  Ratios  between  0%  and  10%  are  expected  in  the  remainder  of 
the  state.  Non-structural  damage,  including  damage  to  finishes,  drywall,  and  flooring 
surfaces  total  over  $21.5  billion,  or  more  than  half,  of  total  building  losses.  Structural 
losses  contribute  to  nearly  20%  of  all  building  losses.  The  remaining  building  losses  are 
attributed  to  non-structural  and  business  interruption  losses. 

Total  direct  economic  losses  for  the  state  reach  over  $56.6  billion  from  the  NMSZ  Mw7.7 
event.  The  majority  of  losses  are  attributed  to  building  losses,  $40.3  billion,  or  over  70% 
of  total  direct  losses  (see  Table  96).  Transportation  and  utility  losses  contribute  far  less, 
with  roughly  3%  and  26%  of  the  total  losses,  respectively. 


Table  93:  Direct  Building  Losses  ($  millions) 


Direct  Building  Losses  ($  millions) 

Single 

Family 

Other 

Residential 

Commercial 

Industrial 

Others 

Total 

Business  Interruption  Loses 

Wage 

0.00 

120.87 

1,574.04 

52.16 

52.44 

1,799.51 

Capital- 

Related 

0.00 

52.98 

1,267.54 

31.72 

17.40 

1,369.64 

Rental 

553.08 

554.54 

571.93 

17.92 

27.46 

1,704.92 

Relocation 

59.55 

12.11 

39.59 

1.56 

9.29 

122.11 

Subtotal 

592.63 

740.50 

3,453.10 

103.36 

106.60 

4,996.18 

Capital  Stock  Loses 

Structural 

2,641.50 

827.90 

1,882.52 

272.00 

233.92 

5,758.84 

Non-Structural 

9,662.90 

4,071.83 

5,883.14 

1147.00 

758.21 

21,523.08 

Content 

2,736.12 

934.58 

2,858.46 

727.76 

366.32 

7,623.24 

Inventory 

0.00 

0.00 

129.36 

178.90 

7.69 

315.95 

Subtotal 

5,040.51 

5,834.32 

10,753.49 

2,325.66 

1,366.15 

35,320.12 

Total 

5,633.14 

6,574.82 

14,206.58 

2,429.02 

1,472.74 

40,316.30 
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Table  94:  Direct  Transportation  Losses  ($  millions) 


Direct  Transportation  Losses  ($  millions) 

Transportation 

System 

Component 

Inventory  Value 

Economic  Loss 

Loss  Ratio 
(%> 

Highway 

Segments 

63,750.02 

663.40 

1.04 

Bridges 

7,319.62 

561.51 

7.67 

Tunnels 

12.86 

0.00 

0.00 

Railways 

Segments 

3,516.79 

48.91 

1.39 

Bridges 

18.04 

0.65 

3.62 

Facilities 

247.47 

64.96 

26.25 

Bus 

Facilities 

48.92 

5.39 

11.02 

Light  Rail 

Segments 

3.09 

0.03 

1.01 

Facilities 

0.00 

0.00 

0.00 

Ferry 

Facilities 

5.76 

5.76 

100.00 

Port 

Facilities 

388.04 

111.75 

28.80 

Airport 

Facilities 

1,510.74 

208.52 

13.80 

Runways 

5,634.18 

75.62 

1.34 

Total 

82,455.53 

1,746.23 

Table  95:  Direct  Utility  Losses  ($  millions) 


Direct  Utility  Losses  ($  millions) 

Utility  System 

Component 

Inventory  Value  Economic  Loss 

Loss  Ratio 
(%) 

Potable  Water 

Facilities 

2,871.80 

181.50 

6.32 

Distribution  Lines 

3,782.40 

161.16 

4.26 

Waste  Water 

Facilities 

114,051.20 

10,671.34 

9.36 

Distribution  Lines 

2,269.40 

127.46 

5.62 

Natural  Gas 

Facilities 

175.50 

28.89 

16.46 

Local  Pipelines 

1,513.00 

136.25 

9.01 

Regional  Pipelines 

5,081.50 

9.91 

0.20 

Oil  Systems 

Facilities 

10.60 

1.27 

11.94 

Regional  Pipelines 

820.00 

2.62 

0.32 

Electrical  Power 

Facilities 

41,430.40 

3,123.57 

7.54 

Communication 

Facilities 

1,419.40 

132.37 

9.33 

Total 

173,425.20 

14,576.34 

Table  96:  Total  Direct  Economic  Losses 


Total  Direct  Economic  Losses 

System 

Inventory  Value 

Total  Direct  Economic  Loss 

Buildings 

Transportation 

Utility 

$329,827,000,000 

$82,455,530,000 

$173,425,200,000 

$40,316,300,000 

$1,746,230,000 

$14,576,340,000 

Total 

$585,707,730,000 

$56,638,870,000 
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Figure  20:  Loss  Ratio  (%  of  Total  Building  Assets) 
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Additional  information  on  social  impacts  for  the  37  critical  counties  is  illustrated  in  the 
following  tables. 


Table  97:  Worst-Case  Casualties  2:00  PM 


Counties 

Level  I 
(Minor) 

Level  II 

(Moderate  Injury  - 
Delayed  Attention) 

Level  III 
(Severe  Injury  - 
Immediate  Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

Benton 

4 

1 

0 

0 

5 

Carroll 

144 

35 

5 

8 

192 

Cheatham 

0 

0 

0 

0 

0 

Chester 

49 

11 

2 

3 

65 

Crockett 

320 

100 

16 

30 

466 

Davidson 

8 

0 

0 

0 

8 

Decatur 

18 

4 

0 

1 

23 

Dickson 

0 

0 

0 

0 

0 

Dyer 

1,487 

469 

77 

142 

2,175 

Fayette 

267 

74 

11 

21 

373 

Gibson 

979 

295 

47 

86 

1,407 

Giles 

0 

0 

0 

0 

0 

Hardeman 

167 

40 

6 

10 

223 

Hardin 

74 

22 

3 

6 

105 

Haywood 

378 

113 

18 

33 

542 

Henderson 

134 

32 

4 

7 

177 

Henry 

150 

37 

5 

9 

201 

Hickman 

0 

0 

0 

0 

0 

Houston 

0 

0 

0 

0 

0 

Humphreys 

2 

0 

0 

0 

2 

Lake 

95 

28 

4 

7 

134 

Lauderdale 

713 

223 

37 

66 

1,039 

Lawrence 

0 

0 

0 

0 

0 

Lewis 

0 

0 

0 

0 

0 

Madison 

922 

238 

34 

62 

1,256 

Maury 

1 

0 

0 

0 

1 

McNairy 

70 

16 

2 

4 

92 

Montgomery 

1 

0 

0 

0 

1 

Obion 

423 

126 

20 

35 

604 

Perry 

1 

0 

0 

0 

1 

Robertson 

0 

0 

0 

0 

0 

Shelby 

23,870 

7,339 

1,171 

2,225 

34,605 

Stewart 

7 

1 

0 

0 

8 

Tipton 

1,116 

350 

57 

104 

1,627 

Wayne 

1 

0 

0 

0 

1 

Weakley 

510 

152 

25 

45 

732 

Williamson 

2 

0 

0 

0 

2 
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Table  98:  Displaced/Shelter  Seeking  Population 


Counties 

Population 

Displaced  Population 

Shelter  Seeking  Population 

Benton 

16,537 

31 

8 

Carroll 

29,475 

1,475 

395 

Cheatham 

35,912 

0 

0 

Chester 

15,540 

475 

122 

Crockett 

14,532 

2,798 

786 

Davidson 

569,891 

2 

1 

Decatur 

11,731 

106 

30 

Dickson 

43,156 

0 

0 

Dyer 

37,279 

21,942 

5,899 

Fayette 

28,806 

2,776 

730 

Gibson 

48,152 

9,593 

2,576 

Giles 

29,447 

0 

0 

Hardeman 

28,105 

1,206 

388 

Hardin 

25,578 

1,370 

412 

Haywood 

19,797 

3,181 

992 

Henderson 

25,522 

2,063 

536 

Henry 

31,115 

1,334 

387 

Hickman 

22,295 

0 

0 

Houston 

8,088 

0 

0 

Humphreys 

17,929 

1 

0 

Lake 

7,954 

1,642 

614 

Lauderdale 

27,101 

13,243 

3,975 

Lawrence 

39,926 

0 

0 

Lewis 

11,367 

0 

0 

Madison 

91,837 

7,636 

2,169 

Maury 

69,498 

0 

0 

McNairy 

24,653 

522 

145 

Montgomery 

134,768 

0 

0 

Obion 

32,450 

7,798 

2,071 

Perry 

7,631 

0 

0 

Robertson 

54,433 

0 

0 

Shelby 

897,472 

161,189 

45,466 

Stewart 

12,370 

83 

22 

Tipton 

51,271 

18,244 

4,390 

Wayne 

16,842 

0 

0 

Weakley 

34,895 

4,197 

1,179 

Williamson 

126,638 

0 

0 
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Table  99:  Shelter  Requirements 


Counties 

Total  Space 
Required 
(sq.  ft.) 

Sleeping  Space 
Required 
(sq.  ft.) 

Water  Required 
Week  1 
(gallons) 

Ice  Required 
Week  1  (lbs.) 

MREs  Required 
Week  1 

Benton 

3,840 

480 

280 

448 

112 

Carroll 

189,600 

23,700 

13,825 

22,120 

5,530 

Cheatham 

0 

0 

0 

0 

0 

Chester 

58,560 

7,320 

4,270 

6,832 

1,708 

Crockett 

377,280 

47,160 

27,510 

44,016 

11,004 

Davidson 

480 

60 

35 

56 

14 

Decatur 

14,400 

1,800 

1,050 

1,680 

420 

Dickson 

0 

0 

0 

0 

0 

Dyer 

2,831,520 

353,940 

206,465 

330,344 

82,586 

Fayette 

350,400 

43,800 

25,550 

40,880 

10,220 

Gibson 

1,236,480 

154,560 

90,160 

144,256 

36,064 

Giles 

0 

0 

0 

0 

0 

Hardeman 

186,240 

23,280 

13,580 

21,728 

5,432 

Hardin 

197,760 

24,720 

14,420 

23,072 

5,768 

Haywood 

476,160 

59,520 

34,720 

55,552 

13,888 

Henderson 

257,280 

32,160 

18,760 

30,016 

7,504 

Henry 

185,760 

23,220 

13,545 

21,672 

5,418 

Hickman 

0 

0 

0 

0 

0 

Houston 

0 

0 

0 

0 

0 

Humphreys 

0 

0 

0 

0 

0 

Lake 

294,720 

36,840 

21,490 

34,384 

8,596 

Lauderdale 

1,908,000 

238,500 

139,125 

222,600 

55,650 

Lawrence 

0 

0 

0 

0 

0 

Lewis 

0 

0 

0 

0 

0 

Madison 

1,041,120 

130,140 

75,915 

121,464 

30,366 

Maury 

0 

0 

0 

0 

0 

McNairy 

69,600 

8,700 

5,075 

8,120 

2,030 

Montgomery 

0 

0 

0 

0 

0 

Obion 

994,080 

124,260 

72,485 

115,976 

28,994 

Perry 

0 

0 

0 

0 

0 

Robertson 

0 

0 

0 

0 

0 

Shelby 

21,823,680 

2,727,960 

1,591,310 

2,546,096 

636,524 

Stewart 

10,560 

1,320 

770 

1,232 

308 

Tipton 

2,107,200 

263,400 

153,650 

245,840 

61,460 

Wayne 

0 

0 

0 

0 

0 

Weakley 

565,920 

70,740 

41,265 

66,024 

16,506 

Williamson 

0 

0 

0 

0 

0 
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Table  100:  Debris  Summary  Report 


Counties 

Brick,  Wood  &  Others 
(Thousand  Tons) 

Concrete  &  Steel 
(Thousand  Tons) 

Total 

(Thousand  Tons) 

Benton 

4.78 

1.72 

6.50 

Carroll 

81.25 

84.17 

165.41 

Cheatham 

0.38 

0.05 

0.42 

Chester 

31.72 

31.27 

62.99 

Crockett 

92.23 

120.11 

212.33 

Davidson 

9.96 

1.72 

11.68 

Decatur 

12.69 

8.60 

21.29 

Dickson 

0.56 

0.09 

0.65 

Dyer 

502.53 

557.54 

1,060.07 

Fayette 

94.33 

103.90 

198.23 

Gibson 

312.88 

346.09 

658.97 

Giles 

0.40 

0.06 

0.46 

Hardeman 

58.71 

56.19 

114.90 

Hardin 

29.31 

30.89 

60.20 

Haywood 

116.97 

163.20 

280.17 

Henderson 

77.20 

73.68 

150.88 

Henry 

70.22 

72.53 

142.75 

Hickman 

0.26 

0.04 

0.30 

Houston 

0.69 

0.15 

0.83 

Humphreys 

3.23 

1.08 

4.31 

Lake 

28.54 

35.58 

64.11 

Lauderdale 

266.04 

279.41 

545.45 

Lawrence 

0.50 

0.07 

0.57 

Lewis 

0.14 

0.02 

0.16 

Madison 

310.18 

361.05 

671.23 

Maury 

0.92 

0.15 

1.07 

McNairy 

39.13 

38.63 

77.75 

Montgomery 

1.59 

0.23 

1.82 

Obion 

209.15 

270.65 

479.79 

Perry 

2.25 

0.95 

3.19 

Robertson 

0.64 

0.10 

0.74 

Shelby 

5,799.18 

8,511.16 

14,310.34 

Stewart 

7.54 

4.54 

12.08 

Tipton 

440.31 

490.81 

931.13 

Wayne 

0.76 

0.27 

1.04 

Weakley 

158.36 

198.73 

357.08 

Williamson 

1.83 

0.27 

2.11 
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Appendix  VII:  Guide  for  Impact  Assessment  Terminology 


Abstract 


This  terminology  guide  was  developed  by  the  Mid-America  Earthquake  Center  with  the 
objective  of  providing  a  summary  of  definitions  that  aid  in  understanding  the  impact 
assessment  report  by  non-experts.  The  infonnation  included  in  this  document  has  been 
taken  and  adapted  from  the  manuals  of  the  Loss  Assessment  Program  HAZUS-MH  MR2. 

The  scope  of  this  document  includes  the  description  of  each  component  of  inventory, 
definition  of  damage  states  and  functionality  after  the  occurrence  of  an  earthquake.  The 
four  infrastructure  systems  included  in  this  terminology  guide  are:  General  Building 
Stock,  Essential  Facilities,  Transportation,  and  Utility  Systems.  Also,  the  definition  of 
casualties  is  included  in  the  second  part  of  the  guide. 
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Part  I 


1.  General  Building  Stock 

1.1.  Description  of  Model  Building  Types 


Table  1  lists  the  36  model  building  types  employed  in  the  earthquake  loss  assessment 
methodology. 


Table  1.  Model  Building  Types 


Height 

No. 

Label 

Description 

Range 

Typical 

Name 

Stories 

Stories 

Feet 

1 

W1 

Wood,  Light  Frame  (<.  5.000  sq.  ft.) 

1-2 

i 

D 

H 

W2 

Wood.  Commercial  and  Industrial  (> 
5.000  sq.  ft.) 

All 

2 

Kfl 

3 

S1L 

Steel  Moment  Frame 

Low-Rise 

1-3 

2 

24 

4 

SIM 

Mid-Rise 

4-7 

5 

60 

5 

S1H 

High-Rise 

8+ 

13 

156 

6 

S2L 

Steel  Braced  Frame 

Low-Rice 

1-3 

2 

24 

7 

S2M 

Mid-Rise 

4-7 

5 

60 

S 

S2H 

8+ 

13 

156 

9 

S3 

Steel  Light  Frame 

All 

1 

15 

10 

E3H 

Steel  Frame  with  C'ast-in -Place  Concrete 

Low-Rice 

mm 

in 

b 

11 

Shear  Walls 

Mid-Rise 

12 

in 

High-Rise 

WSm 

D 

S5L 

Steel  Frame  with  L'nreinforced  Masonry 

Low-Rice 

1-3 

B 

B 

■9 

S5M 

Infill  Walls 

Mid-Rise 

4-7 

15 

S5H 

High-Rise 

8+ 

156 

16 

C1L 

C  oncrete  Moment  Frame 

Low-Rice 

B 

b 

17 

C1M 

Mid-Rise 

IS 

C1H 

Hgh-Rise 

mM 

19 

C2L 

Concrete  Shear  Walls 

Low-Rice 

1-3 

2 

B 

20 

C2M 

Mid-Rise 

4-7 

5 

El 

21 

C2H 

8+ 

12 

120 

B 

C  oncrete  Frame  with  Unreinforced 

Low-Rice 

1-3 

2 

B 

Masonry  Infill  Walls 

Mid-Rise 

4-7 

5 

E9 

High-Rise 

8- 

12 

120 

25 

PCI 

Precast  C  oncrete  Tilt-Up  Walls 

All 

1 

15 

26 

PC2L 

Precast  Concrete  Frames  with  Concrete 

Low-Rice 

1-3 

2 

20 

•>7 

PC2M 

Shear  Walls 

Mid-Rise 

4-7 

5 

50 

28 

PC2H 

Hgh-Rise 

8+ 

12 

120 

29 

RM1L 

Reinforced  Masonry  Bearing  Walls  with 

Low-Rice 

mm 

2 

20 

30 

RM1M 

Wood  or  Metal  Deck  Diaphragms 

Mid-Rice 

n 

5 

50 

31 

RM2L 

Reinforced  Masonry  Bearing  Walls  with 

Low-Rice 

1-3 

2 

20 

32 

RM2M 

Precast  Concrete  Diaphragms 

Mid-Rise 

4-7 

5 

50 

33 

RM2H 

High-Rise 

8+ 

12 

120 

34 

URML 

Unreinforced  Masonry  Bearing  Walls 

Low-Rice 

1-2 

1 

15 

35 

URMM 

Mid-Rise 

3+ 

3 

35 

36 

MH 

Mobile  Homes 

All 

1 

10 
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1.2.  Description  of  Structural  Systems 

A  general  description  of  each  of  the  16  structural  systems  of  model  building  types  is 
given  in  the  following  sections. 

Wood,  Light  Frame  (Wl) 

These  are  typically  single-family  or  small,  multiple-family  dwellings  of  not  more  than 
5,000  square  feet  of  floor  area.  The  essential  structural  feature  of  these  buildings  is 
repetitive  framing  by  wood  rafters  or  joists  on  wood  stud  walls.  Loads  are  light  and  spans 
are  small.  These  buildings  may  have  relatively  heavy  masonry  chimneys  and  may  be 
partially  or  fully  covered  with  masonry  veneer.  Most  of  these  buildings,  especially  the 
single-family  residences,  are  not  engineered  but  constructed  in  accordance  with 
“conventional  construction”  provisions  of  building  codes.  Hence,  they  usually  have  the 
components  of  a  lateral-force-resisting  system  even  though  it  may  be  incomplete.  Lateral 
loads  are  transferred  by  diaphragms  to  shear  walls.  The  diaphragms  are  roof  panels  and 
floors  that  may  be  sheathed  with  sawn  lumber,  plywood  or  fiberboard  sheathing.  Shear 
walls  are  sheathed  with  boards,  stucco,  plaster,  plywood,  gypsum  board,  particle  board, 
or  fiberboard,  or  interior  partition  walls  sheathed  with  plaster  or  gypsum  board. 

Wood,  Greater  than  5,000  Sq.  Ft.  (W2) 

These  buildings  are  typically  commercial  or  industrial  buildings,  or  multi-family 
residential  buildings  with  a  floor  area  greater  than  5,000  square  feet.  These  buildings 
include  structural  systems  framed  by  beams  or  major  horizontally  spanning  members 
over  columns.  These  horizontal  members  may  be  glue-laminated  (glu-lam)  wood,  solid- 
sawn  wood  beams,  or  wood  trusses,  or  steel  beams  or  trusses.  Lateral  loads  usually  are 
resisted  by  wood  diaphragms  and  exterior  walls  sheathed  with  plywood,  stucco,  plaster, 
or  other  paneling.  The  walls  may  have  diagonal  rod  bracing.  Large  openings  for  stores 
and  garages  often  require  post-and-beam  framing.  Lateral  load  resistance  on  those  lines 
may  be  achieved  with  steel  rigid  frames  (moment  frames)  or  diagonal  bracing. 

Steel  Moment  Frame  (SI) 

These  buildings  have  a  frame  of  steel  columns  and  beams.  In  some  cases,  the  beam- 
column  connections  have  very  small  moment  resisting  capacity  but,  in  other  cases,  some 
of  the  beams  and  columns  are  fully  developed  as  moment  frames  to  resist  lateral  forces. 
Usually  the  structure  is  concealed  on  the  outside  by  exterior  nonstructural  walls,  which 
can  be  of  almost  any  material  (curtain  walls,  brick  masonry,  or  precast  concrete  panels), 
and  on  the  inside  by  ceilings  and  column  furring.  Diaphragms  transfer  lateral  loads  to 
moment-resisting  frames.  The  diaphragms  can  be  almost  any  material.  The  frames 
develop  their  stiffness  by  full  or  partial  moment  connections.  The  frames  can  be  located 
almost  anywhere  in  the  building.  Usually  the  columns  have  their  strong  directions 
oriented  so  that  some  columns  act  primarily  in  one  direction  while  the  others  act  in  the 
other  direction.  Steel  moment  frame  buildings  are  typically  more  flexible  than  shear  wall 
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buildings.  This  low  stiffness  can  result  in  large  interstory  drifts  that  may  lead  to  relatively 
greater  nonstructural  damage. 


Steel  Braced  Frame  (S2) 

These  buildings  are  similar  to  steel  moment  frame  buildings  except  that  the  vertical 
components  of  the  lateral-force-resisting  system  are  braced  frames  rather  than  moment 
frames. 

Steel  Light  Frame  (S3) 

These  buildings  are  pre-engineered  and  prefabricated  with  transverse  rigid  frames.  The 
roof  and  walls  consist  of  lightweight  panels,  usually  corrugated  metal.  The  frames  are 
designed  for  maximum  efficiency,  often  with  tapered  beam  and  column  sections  built  up 
of  light  steel  plates.  The  frames  are  built  in  segments  and  assembled  in  the  field  with 
bolted  joints.  Lateral  loads  in  the  transverse  direction  are  resisted  by  the  rigid  frames  with 
loads  distributed  to  them  by  diaphragm  elements,  typically  rod-braced  steel  roof  framing 
bays.  Tension  rod  bracing  typically  resists  loads  in  the  longitudinal  direction. 

Steel  Frame  with  Cast-In-Place  Concrete  Shear  Walls  (S4) 

The  shear  walls  in  these  buildings  are  cast-in-place  concrete  and  may  be  bearing  walls. 
The  steel  frame  is  designed  for  vertical  loads  only.  Diaphragms  of  almost  any  material 
transfer  lateral  loads  to  the  shear  walls.  The  steel  frame  may  provide  a  secondary  lateral- 
force-resisting  system  depending  on  the  stiffness  of  the  frame  and  the  moment  capacity 
of  the  beam-column  connections.  In  modem  “dual”  systems,  the  steel  moment  frames  are 
designed  to  work  together  with  the  concrete  shear  walls. 

Steel  Frame  with  Unreinforced  Masonry  Infill  Walls  (S5) 

This  is  one  of  the  older  types  of  buildings.  The  infill  walls  usually  are  offset  from  the 
exterior  frame  members,  wrap  around  them,  and  present  a  smooth  masonry  exterior  with 
no  indication  of  the  frame.  Solidly  infilled  masonry  panels,  when  they  fully  engage  the 
surrounding  frame  members  (i.e.  lie  in  the  same  plane),  may  provide  stiffness  and  lateral 
load  resistance  to  the  structure. 

Reinforced  Concrete  Moment  Resisting  Frames  (Cl) 

These  buildings  are  similar  to  steel  moment  frame  buildings  except  that  the  frames  are 
reinforced  concrete.  There  are  a  large  variety  of  frame  systems.  Some  older  concrete 
frames  may  be  proportioned  and  detailed  such  that  brittle  failure  of  the  frame  members 
can  occur  in  earthquakes  leading  to  partial  or  full  collapse  of  the  buildings.  Modern 
frames  in  zones  of  high  seismicity  are  proportioned  and  detailed  for  ductile  behavior  and 
are  likely  to  undergo  large  deformations  during  an  earthquake  without  brittle  failure  of 
frame  members  and  collapse. 
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Concrete  Shear  Walls  (C2) 


The  vertical  components  of  the  lateral-force-resisting  system  in  these  buildings  are 
concrete  shear  walls  that  are  usually  bearing  walls.  In  older  buildings,  the  walls  often  are 
quite  extensive  and  the  wall  stresses  are  low  but  reinforcing  is  light.  In  newer  buildings, 
the  shear  walls  often  are  limited  in  extent,  generating  concerns  about  boundary  members 
and  overturning  forces. 

Concrete  Frame  Buildings  with  Unreinforced  Masonry  Infill  Walls  (C3) 

These  buildings  are  similar  to  steel  frame  buildings  with  unreinforced  masonry  infill 
walls  except  that  the  frame  is  of  reinforced  concrete.  In  these  buildings,  the  shear  strength 
of  the  columns,  after  cracking  of  the  infill,  may  limit  the  semi-ductile  behavior  of  the 
system. 

Precast  Concrete  Tilt-Up  Walls  (PCI) 

These  buildings  have  a  wood  or  metal  deck  roof  diaphragm,  which  often  is  very  large, 
that  distributes  lateral  forces  to  precast  concrete  shear  walls.  The  walls  are  thin  but 
relatively  heavy  while  the  roofs  are  relatively  light.  Older  or  non-seismic-code  buildings 
often  have  inadequate  connections  for  anchorage  of  the  walls  to  the  roof  for  out-of-plane 
forces,  and  the  panel  connections  often  are  brittle.  Tilt-up  buildings  usually  are  one  or 
two  stories  in  height.  Walls  can  have  numerous  openings  for  doors  and  windows  of  such 
size  that  the  wall  looks  more  like  a  frame  than  a  shear  wall. 

Precast  Concrete  Frames  with  Concrete  Shear  Walls  (PC2) 

These  buildings  contain  floor  and  roof  diaphragms  typically  composed  of  precast 
concrete  elements  with  or  without  cast-in-place  concrete  topping  slabs.  Precast  concrete 
girders  and  columns  support  the  diaphragms.  The  girders  often  bear  on  column  corbels. 
Closure  strips  between  precast  floor  elements  and  beam-column  joints  usually  are  cast-in- 
place  concrete.  Welded  steel  inserts  often  are  used  to  interconnect  precast  elements. 
Precast  or  cast-in-place  concrete  shear  walls  resist  lateral  loads.  For  buildings  with 
precast  frames  and  concrete  shear  walls  to  perform  well,  the  details  used  to  connect  the 
structural  elements  must  have  sufficient  strength  and  displacement  capacity;  however,  in 
some  cases,  the  connection  entails  between  the  precast  elements  have  negligible  ductility. 

Reinforced  Masonry  Bearing  Walls  with  Wood  or  Metal  Deck  Diaphragms  (RM1) 

These  buildings  have  perimeter  bearing  walls  of  reinforced  brick  or  concrete-block 
masonry.  These  walls  are  the  vertical  elements  in  the  lateral-force-resisting  system.  The 
floors  and  roofs  are  framed  with  wood  joists  and  beams,  either  with  plywood  or  braced 
sheathing,  the  latter  either  straight  or  diagonally  sheathed,  or  with  steel  beams  with  metal 
deck  with  or  without  concrete  fill.  Interior  wood  posts  or  steel  columns  support  wood 
floor  framing;  steel  columns  support  steel  beams. 
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Reinforced  Masonry  Bearing  Walls  with  Precast  Concrete  Diaphragms  (RM2) 

These  buildings  have  bearing  walls  similar  to  those  of  reinforced  masonry  bearing  wall 
structures  with  wood  or  metal  deck  diaphragms,  but  the  roof  and  floors  are  composed  of 
precast  concrete  elements  such  as  planks  or  tee-beams  and  the  precast  roof  and  floor 
elements  are  supported  on  interior  beams  and  columns  of  steel  or  concrete  (cast-in-place 
or  precast).  The  precast  horizontal  elements  often  have  a  cast-in-place  topping. 

Unreinforced  Masonry  Bearing  Walls  (URM) 

These  buildings  include  structural  elements  that  vary  depending  on  the  building’s  age  and, 
to  a  lesser  extent,  its  geographic  location.  In  buildings  built  before  1900,  the  majority  of 
floor  and  roof  construction  consists  of  wood  sheathing  supported  by  wood  framing.  In 
large  multistory  buildings,  the  floors  are  cast-in-place  concrete  supported  by  the 
unreinforced  masonry  walls  and/or  steel  or  concrete  interior  framing.  In  unreinforced 
masonry  constructed  after  1950  (outside  California)  wood  floors  usually  have  plywood 
rather  than  board  sheathing.  In  regions  of  lower  seismicity,  buildings  of  this  type 
constructed  more  recently  can  include  floor  and  roof  framing  that  consists  of  metal  deck 
and  concrete  fill  supported  by  steel  framing  elements.  The  perimeter  walls,  and  possibly 
some  interior  walls,  are  unreinforced  masonry.  The  walls  may  or  may  not  be  anchored  to 
the  diaphragms.  Ties  between  the  walls  and  diaphragms  are  more  common  for  the 
bearing  walls  than  for  walls  that  are  parallel  to  the  floor  framing.  Roof  ties  usually  are 
less  common  and  more  erratically  spaced  than  those  at  the  floor  levels.  Interior  partitions 
that  interconnect  the  floors  and  roof  can  reduce  diaphragm  displacements. 

Mobile  Homes  (MH) 

These  are  prefabricated  housing  units  that  are  trucked  to  the  site  and  then  placed  on 
isolated  piers,  jack  stands,  or  masonry  block  foundations  (usually  without  any  positive 
anchorage).  Floors  and  roofs  of  mobile  homes  usually  are  constructed  with  plywood  and 
outside  surfaces  are  covered  with  sheet  metal. 


1.3.  Description  of  Nonstructural  Components 

Nonstructural  components  include  a  large  variety  of  different  architectural,  mechanical 
and  electrical  components.  Contents  of  the  buildings  are  treated  as  a  separate  category. 
Nonstructural  components  are  grouped  as  either  "drift-sensitive"  or  "acceleration- 
sensitive"  components,  in  order  to  assess  their  damage  due  to  an  earthquake.  Damage  to 
drift-sensitive  nonstructural  components  is  primarily  a  function  of  interstory  drift; 
damage  to  acceleration-sensitive  nonstructural  components  and  building  contents  is 
primarily  a  function  of  floor  acceleration.  Table  2  lists  typical  nonstructural  components 
and  building  contents,  and  identifies  each  item  as  drift-sensitive  or  acceleration  sensitive. 

Anchorage/bracing  of  nonstructural  components  improves  earthquake  perfonnance  of 
most  components  although  routine  or  typical  anchorage/bracing  provides  only  limited 
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damage  protection.  It  is  assumed  that  typical  nonstructural  components  and  building 
contents  have  limited  anchorage/bracing.  Nonstructural  damage  evaluation  is  dependent 
upon  the  response  and  performance  of  structural  components,  as  well  as  being  influenced 
by  characteristics  of  nonstructural  components  themselves. 


Type 

Item 

Drill  - 
Sensitive* 

Acceleration- 

Sensitive* 

Architectural 

Nonbearmg  Walls/Partition; 

• 

O 

C  antilever  Element  and  Parapet 

• 

Exterior  Wall  Panel; 

• 

o 

Veneer  and  Finishes 

• 

9 

Penthouse; 

• 

Racks  and  C  abmets 

• 

Access  Floors 

• 

Appendages  and  Ornaments 

• 

Mechanical 

and 

Electrical 

General  Mechanical  (boilers,  etc.) 

• 

Manufacturing  and  Process  Machinery 

• 

Piping  Systems 

e 

• 

Storage  Tanks  and  Spheres 

• 

HVAC  Systems  (chillers,  ductwork,  etc.) 

e 

• 

Elevators 

e 

• 

Trussed  T  owers 

• 

General  Electrical  (switchgear,  ducts,  etc.) 

e 

• 

Lighting  Fixtures 

• 

C  ontents 

File  Cabinets,  Bookcases,  etc. 

• 

Office  Equipment  and  Furnishings 

• 

C  omputer  C  ommunication  Equipment 

• 

Nonpermanent  Manufacturing  Equipment 

• 

Manufacturing  Storage  Inventory 

• 

Art  and  other  Valuable  Objects 

• 

Solid  dots  indicate  primary  cause  of  damage,  open  dots  indicate  secondary  cause  of  damage 


Table  2.  List  of  Typical  Nonstructural  Components  and  Contents  of  Buildings 


1.4.  Description  of  Building  Damage  States 

The  results  of  damage  estimation  methods  described  in  this  chapter  (i.e.,  damage 
predictions  for  model  building  types  for  a  given  level  of  ground  shaking)  are  used  in 
other  modules  of  the  methodology  to  estimate:  (1)  casualties  due  to  structural  damage, 
including  fatalities,  (2)  monetary  losses  due  to  building  damage  (i.e.  cost  of  repairing  or 
replacing  damaged  buildings  and  their  contents);  (3)  monetary  losses  resulting  from 
building  damage  and  closure  (e.g.,  losses  due  to  business  interruption);  (4)  social  impacts 
(e.g.,  loss  of  shelter);  and,  (5)  other  economic  and  social  impacts. 

The  building  damage  predictions  may  also  be  used  to  study  expected  damage  patterns  in 
a  given  region  for  different  scenario  earthquakes  (e.g.,  to  identify  the  most  vulnerable 
building  types,  or  the  areas  expected  to  have  the  most  damaged  buildings).  In  order  to 
meet  the  needs  of  such  broad  purposes,  damage  predictions  must  allow  the  user  to  glean 
the  nature  and  extent  of  the  physical  damage  to  a  building  type  from  the  damage 
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prediction  output  so  that  life-safety,  societal  functional  and  monetary  losses  which  result 
from  the  damage  can  be  estimated.  Building  damage  can  best  be  described  in  terms  of  its 
components  (beams,  columns,  walls,  ceilings,  piping,  HVAC  equipment,  etc.).  For 
example,  such  component  damage  descriptions  as  “shear  walls  are  cracked”,  “ceiling  tiles 
fell”,  “diagonal  bracing  buckled”,  “wall  panels  fell  out”,  etc.  used  together  with  such 
terms  as  “some”  and  “most”  would  be  sufficient  to  describe  the  nature  and  extent  of 
overall  building  damage. 

Damage  to  nonstructural  components  of  buildings  (i.e.,  architectural  components,  such  as 
partition  walls  and  ceilings,  and  building  mechanical/electrical  systems)  primarily  affects 
monetary  and  societal  functional  losses  and  generates  numerous  casualties  of  mostly 
light-to  moderate  severity.  Hazard  mitigation  measures  are  different  for  nonstructural  and 
structural  building  components  (i.e.,  the  gravity  and  lateral-load-resisting  systems)  as 
well.  Hence,  it  is  desirable  to  separately  estimate  structural  and  nonstructural  damage. 

Building  damage  varies  from  “none”  to  “complete”  as  a  continuous  function  of  building 
deformations  (building  response).  Wall  cracks  may  vary  from  invisible  or  “hairline 
cracks”  to  cracks  of  several  inches  wide.  Generalized  “ranges”  of  damage  are  used  by  the 
Methodology  to  describe  structural  and  nonstructural  damage,  since  it  is  not  practical  to 
describe  building  damage  as  a  continuous  function. 

The  Methodology  predicts  a  structural  and  nonstructural  damage  state  in  terms  of  one  of 
four  ranges  of  damage  or  “damage  states”:  Slight,  Moderate,  Extensive,  and  Complete. 
For  example,  the  Slight  damage  state  extends  from  the  threshold  of  Slight  damage  up  to 
the  threshold  of  Moderate  damage.  General  descriptions  of  these  damage  states  are 
provided  for  all  model  building  types  with  reference  to  observable  damage  incurred  by 
structural  (Section  5.3.1)  and  nonstructural  building  components  (Section  5.3.2).  Damage 
predictions  resulting  from  this  physical  damage  estimation  method  are  then  expressed  in 
terms  of  the  probability  of  a  building  being  in  any  of  these  four  damage  states. 


1.4.1  Structural  Damage 

Descriptions  for  Slight,  Moderate,  Extensive,  and  Complete  structural  damage  states  for 
the  16  basic  model  building  types  are  provided  below.  For  estimating  casualties,  the 
descriptions  of  Complete  damage  include  the  fraction  of  the  total  floor  area  of  each 
model  building  type  that  is  likely  to  collapse.  Collapse  fractions  are  based  on  judgment 
and  limited  earthquake  data  considering  the  material  and  construction  of  different  model 
building  types. 

It  is  noted  that  in  some  cases  the  structural  damage  is  not  directly  observable  because  the 
structural  elements  are  inaccessible  or  not  visible  due  to  architectural  finishes  or 
fireproofing.  Hence,  these  structural  damage  states  are  described,  when  necessary,  with 
reference  to  certain  effects  on  nonstructural  elements  that  may  be  indicative  of  the 
structural  damage  state  of  concern.  Small  cracks  are  assumed,  throughout  this  section,  to 
be  visible  cracks  with  a  maximum  width  of  less  than  1/8”.  Cracks  wider  than  1/8”  are 
referred  to  as  “large”  cracks. 
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Wood,  Light  Frame  (Wl): 

Slight  Structural  Damage:  Small  plaster  or  gypsum-board  cracks  at  comers  of  door  and 
window  openings  and  wall-ceiling  intersections;  small  cracks  in  masonry  chimneys  and 
masonry  veneer. 

Moderate  Structural  Damage:  Large  plaster  or  gypsum-board  cracks  at  corners  of  door 
and  window  openings;  small  diagonal  cracks  across  shear  wall  panels  exhibited  by  small 
cracks  in  stucco  and  gypsum  wall  panels;  large  cracks  in  brick  chimneys;  toppling  of  tall 
masonry  chimneys. 

Extensive  Structural  Damage:  Large  diagonal  cracks  across  shear  wall  panels  or  large 
cracks  at  plywood  joints;  permanent  lateral  movement  of  floors  and  roof;  toppling  of 
most  brick  chimneys;  cracks  in  foundations;  splitting  of  wood  sill  plates  and/or  slippage 
of  structure  over  foundations;  partial  collapse  of  “room-over-garage”  or  other  “soft-story” 
configurations;  small  foundations  cracks. 

Complete  Structural  Damage:  Structure  may  have  large  permanent  lateral  displacement, 
may  collapse,  or  be  in  imminent  danger  of  collapse  due  to  cripple  wall  failure  or  the 
failure  of  the  lateral  load  resisting  system;  some  structures  may  slip  and  fall  off  the 
foundations;  large  foundation  cracks.  Approximately  3%  of  the  total  area  of  Wl 
buildings  with  Complete  damage  is  expected  to  be  collapsed. 

Wood,  Commercial  and  Industrial  (W2): 

Slight  Structural  Damage:  Small  cracks  at  corners  of  door  and  window  openings  and 
wall-ceiling  intersections;  small  cracks  on  stucco  and  plaster  walls.  Some  slippage  may 
be  observed  at  bolted  connections. 

Moderate  Structural  Damage:  Larger  cracks  at  corners  of  door  and  window  openings; 
small  diagonal  cracks  across  shear  wall  panels  exhibited  by  cracks  in  stucco  and  gypsum 
wall  panels;  minor  slack  (less  than  1/8”  extension)  in  diagonal  rod  bracing  requiring  re¬ 
tightening;  minor  lateral  set  at  store  fronts  and  other  large  openings;  small  cracks  or  wood 
splitting  may  be  observed  at  bolted  connections. 

Extensive  Structural  Damage:  Large  diagonal  cracks  across  shear  wall  panels;  large 
slack  in  diagonal  rod  braces  and/or  broken  braces;  pennanent  lateral  movement  of  floors 
and  roof;  cracks  in  foundations;  splitting  of  wood  sill  plates  and/or  slippage  of  structure 
over  foundations;  partial  collapse  of  “soft-story”  configurations;  bolt  slippage  and  wood 
splitting  at  bolted  connections. 

Complete  Structural  Damage:  Structure  may  have  large  permanent  lateral  displacement, 
may  collapse  or  be  in  imminent  danger  of  collapse  due  to  failed  shear  walls,  broken  brace 
rods  or  failed  framing  connections;  it  may  fall  its  foundations;  large  cracks  in  the 
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foundations.  Approximately  3%  of  the  total  area  of  W2  buildings  with  Complete  damage 
is  expected  to  be  collapsed. 

Steel  Moment  Frame  (SI): 

Slight  Structural  Damage:  Minor  deformations  in  connections  or  hairline  cracks  in  few 
welds. 

Moderate  Structural  Damage:  Some  steel  members  have  yielded  exhibiting  observable 
pennanent  rotations  at  connections;  few  welded  connections  may  exhibit  major  cracks 
through  welds  or  few  bolted  connections  may  exhibit  broken  bolts  or  enlarged  bolt  holes. 

Extensive  Structural  Damage:  Most  steel  members  have  exceeded  their  yield  capacity, 
resulting  in  significant  permanent  lateral  deformation  of  the  structure.  Some  of  the 
structural  members  or  connections  may  have  exceeded  their  ultimate  capacity  exhibited 
by  major  permanent  member  rotations  at  connections,  buckled  flanges  and  failed 
connections.  Partial  collapse  of  portions  of  structure  is  possible  due  to  failed  critical 
elements  and/or  connections. 

Complete  Structural  Damage:  Significant  portion  of  the  structural  elements  have 
exceeded  their  ultimate  capacities  or  some  critical  structural  elements  or  connections 
have  failed  resulting  in  dangerous  pennanent  lateral  displacement,  partial  collapse  or 
collapse  of  the  building.  Approximately  8  %  (low-rise),  5%  (mid-rise)  or  3%  (high-rise) 
of  the  total  area  of  S 1  buildings  with  Complete  damage  is  expected  to  be  collapsed. 

Steel  Braced  Frame  (S2): 

Slight  Structural  Damage:  Few  steel  braces  have  yielded  which  may  be  indicated  by 
minor  stretching  and/or  buckling  of  slender  brace  members;  minor  cracks  in  welded 
connections;  minor  deformations  in  bolted  brace  connections. 

Moderate  Structural  Damage:  Some  steel  braces  have  yielded  exhibiting  observable 
stretching  and/or  buckling  of  braces;  few  braces,  other  members  or  connections  have 
indications  of  reaching  their  ultimate  capacity  exhibited  by  buckled  braces,  cracked  welds, 
or  failed  bolted  connections. 

Extensive  Structural  Damage:  Most  steel  brace  and  other  members  have  exceeded  their 
yield  capacity,  resulting  in  significant  permanent  lateral  deformation  of  the  structure. 
Some  structural  members  or  connections  have  exceeded  their  ultimate  capacity  exhibited 
by  buckled  or  broken  braces,  flange  buckling,  broken  welds,  or  failed  bolted  connections. 
Anchor  bolts  at  columns  may  be  stretched.  Partial  collapse  of  portions  of  structure  is 
possible  due  to  failure  of  critical  elements  or  connections. 

Complete  Structural  Damage:  Most  the  structural  elements  have  reached  their  ultimate 
capacities  or  some  critical  members  or  connections  have  failed  resulting  in  dangerous 
pennanent  lateral  deflection,  partial  collapse  or  collapse  of  the  building.  Approximately 


527 


8%  (low-rise),  5%  (mid-rise)  or  3%  (high-rise)  of  the  total  area  of  S2  buildings  with 
Complete  damage  is  expected  to  be  collapsed. 

Steel  Light  Frame  (S3): 

These  structures  are  mostly  single  story  structures  combining  rod-braced  frames  in  one 
direction  and  moment  frames  in  the  other.  Due  to  repetitive  nature  of  the  structural 
systems,  the  type  of  damage  to  structural  members  is  expected  to  be  rather  uniform 
throughout  the  structure. 

Slight  Structural  Damage:  Few  steel  rod  braces  have  yielded  which  may  be  indicated 
by  minor  sagging  of  rod  braces.  Minor  cracking  at  welded  connections  or  minor 
deformations  at  bolted  connections  of  moment  frames  may  be  observed. 

Moderate  Structural  Damage:  Most  steel  braces  have  yielded  exhibiting  observable 
significantly  sagging  rod  braces;  few  brace  connections  may  be  broken.  Some  weld 
cracking  may  be  observed  in  the  moment  frame  connections. 

Extensive  Structural  Damage:  Significant  pennanent  lateral  deformation  of  the 
structure  due  to  broken  brace  rods,  stretched  anchor  bolts  and  pennanent  deformations  at 
moment  frame  members.  Some  screw  or  welded  attachments  of  roof  and  wall  siding  to 
steel  framing  may  be  broken.  Some  purlin  and  girt  connections  may  be  broken. 

Complete  Structural  Damage:  Structure  is  collapsed  or  in  imminent  danger  of  collapse 
due  to  broken  rod  bracing,  failed  anchor  bolts  or  failed  structural  members  or  connections. 
Approximately  3%  of  the  total  area  of  S3  buildings  with  Complete  damage  is  expected  to 
be  collapsed. 

Steel  Frame  with  Cast-In-PIace  Concrete  Shear  Walls  (S4): 

This  is  a  “composite”  structural  system  where  primary  lateral-force-resisting  system  is 
the  concrete  shear  walls.  Hence,  Slight,  Moderate  and  Extensive  damage  states  are  likely 
to  be  detennined  by  the  shear  walls  while  the  collapse  damage  state  would  be  determined 
by  the  failure  of  the  structural  frame. 

Slight  Structural  Damage:  Diagonal  hairline  cracks  on  most  concrete  shear  wall 
surfaces;  minor  concrete  spalling  at  few  locations. 

Moderate  Structural  Damage:  Most  shear  wall  surfaces  exhibit  diagonal  cracks;  some 
of  the  shear  walls  have  exceeded  their  yield  capacities  exhibited  by  larger  diagonal  cracks 
and  concrete  spalling  at  wall  ends. 

Extensive  Structural  Damage:  Most  concrete  shear  walls  have  exceeded  their  yield 
capacities;  few  walls  have  reached  or  exceeded  their  ultimate  capacity  exhibited  by  large 
through-the  wall  diagonal  cracks,  extensive  spalling  around  the  cracks  and  visibly 
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buckled  wall  reinforcement.  Partial  collapse  may  occur  due  to  failed  connections  of  steel 
framing  to  concrete  walls.  Some  damage  may  be  observed  in  steel  frame  connections. 

Complete  Structural  Damage:  Structure  may  be  in  danger  of  collapse  or  collapse  due  to 
total  failure  of  shear  walls  and  loss  of  stability  of  the  steel  frames.  Approximately  8% 
(low-rise),  5%  (mid-rise)  or  3%  (high-rise)  of  the  total  area  of  S4  buildings  with 
Complete  damage  is  expected  to  be  collapsed. 

Steel  Frame  with  Unreinforced  Masonry  Infill  Walls  (S5): 

This  is  a  “composite”  structural  system  where  the  initial  lateral  resistance  is  provided  by 
the  infill  walls.  Upon  cracking  of  the  infills,  further  lateral  resistance  is  provided  by  the 
steel  frames  “braced”  by  the  infill  walls  acting  as  diagonal  compression  struts.  Collapse 
of  the  structure  results  when  the  infill  walls  disintegrate  (due  to  compression  failure  of 
the  masonry  “struts”)  and  the  steel  frame  loses  its  stability. 

Slight  Structural  Damage:  Diagonal  (sometimes  horizontal)  hairline  cracks  on  most 
infill  walls;  cracks  at  frame-infill  interfaces. 

Moderate  Structural  Damage:  Most  infill  wall  surfaces  exhibit  larger  diagonal  or 
horizontal  cracks;  some  walls  exhibit  crushing  of  brick  around  beam-column  connections. 

Extensive  Structural  Damage:  Most  infill  walls  exhibit  large  cracks;  some  bricks  may 
be  dislodged  and  fall;  some  infill  walls  may  bulge  out-of-plane;  few  walls  may  fall  off 
partially  or  fully;  some  steel  frame  connections  may  have  failed.  Structure  may  exhibit 
pennanent  lateral  deformation  or  partial  collapse  due  to  failure  of  some  critical  members. 

Complete  Structural  Damage:  Structure  is  collapsed  or  in  danger  of  imminent  collapse 
due  to  total  failure  of  many  infill  walls  and  loss  of  stability  of  the  steel  frames.  . 
Approximately  8%  (low-rise),  5%  (mid-rise)  or  3%  (high-rise)  of  the  total  area  of  S5 
buildings  with  Complete  damage  is  expected  to  be  collapsed. 

Reinforced  Concrete  Moment  Resisting  Frames  (Cl): 

Slight  Structural  Damage:  Flexural  or  shear  type  hairline  cracks  in  some  beams  and 
columns  near  joints  or  within  joints. 

Moderate  Structural  Damage:  Most  beams  and  columns  exhibit  hairline  cracks.  In 
ductile  frames  some  of  the  frame  elements  have  reached  yield  capacity  indicated  by 
larger  flexural  cracks  and  some  concrete  spalling.  Nonductile  frames  may  exhibit  larger 
shear  cracks  and  spalling. 

Extensive  Structural  Damage:  Some  of  the  frame  elements  have  reached  their  ultimate 
capacity  indicated  in  ductile  frames  by  large  flexural  cracks,  spalled  concrete  and  buckled 
main  reinforcement;  nonductile  frame  elements  may  have  suffered  shear  failures  or  bond 
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failures  at  reinforcement  splices,  or  broken  ties  or  buckled  main  reinforcement  in 
columns  which  may  result  in  partial  collapse. 

Complete  Structural  Damage:  Structure  is  collapsed  or  in  imminent  danger  of  collapse 
due  to  brittle  failure  of  nonductile  frame  elements  or  loss  of  frame  stability. 
Approximately  13%  (low-rise),  10%  (mid-rise)  or  5%  (high-rise)  of  the  total  area  of  Cl 
buildings  with  Complete  damage  is  expected  to  be  collapsed. 

Concrete  Shear  Walls  (C2): 

Slight  Structural  Damage:  Diagonal  hairline  cracks  on  most  concrete  shear  wall 
surfaces;  minor  concrete  spalling  at  few  locations. 

Moderate  Structural  Damage:  Most  shear  wall  surfaces  exhibit  diagonal  cracks;  some 
shear  walls  have  exceeded  yield  capacity  indicated  by  larger  diagonal  cracks  and  concrete 
spalling  at  wall  ends. 

Extensive  Structural  Damage:  Most  concrete  shear  walls  have  exceeded  their  yield 
capacities;  some  walls  have  exceeded  their  ultimate  capacities  indicated  by  large, 
through-the-wall  diagonal  cracks,  extensive  spalling  around  the  cracks  and  visibly 
buckled  wall  reinforcement  or  rotation  of  narrow  walls  with  inadequate  foundations. 
Partial  collapse  may  occur  due  to  failure  of  nonductile  columns  not  designed  to  resist 
lateral  loads. 

Complete  Structural  Damage:  Structure  has  collapsed  or  is  in  imminent  danger  of 
collapse  due  to  failure  of  most  of  the  shear  walls  and  failure  of  some  critical  beams  or 
columns.  Approximately  13%  (low-rise),  10%  (mid-rise)  or  5%  (high-rise)  of  the  total 
area  of  C2  buildings  with  Complete  damage  is  expected  to  be  collapsed. 

Concrete  Frame  Buildings  with  Unreinforced  Masonry  Infill  Walls  (C3): 

This  is  a  “composite”  structural  system  where  the  initial  lateral  resistance  is  provided  by 
the  infill  walls.  Upon  cracking  of  the  infills,  further  lateral  resistance  is  provided  by  the 
concrete  frame  “braced”  by  the  infill  acting  as  diagonal  compression  struts.  Collapse  of 
the  structure  results  when  the  infill  walls  disintegrate  (due  to  compression  failure  of  the 
masonry  “struts”)  and  the  frame  loses  stability,  or  when  the  concrete  columns  suffer  shear 
failures  due  to  reduced  effective  height  and  the  high  shear  forces  imposed  on  them  by  the 
masonry  compression  struts. 

Slight  Structural  Damage:  Diagonal  (sometimes  horizontal)  hairline  cracks  on  most 
infill  walls;  cracks  at  frame-infill  interfaces. 

Moderate  Structural  Damage:  Most  infill  wall  surfaces  exhibit  larger  diagonal  or 
horizontal  cracks;  some  walls  exhibit  crushing  of  brick  around  beam-column  connections. 
Diagonal  shear  cracks  may  be  observed  in  concrete  beams  or  columns. 
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Extensive  Structural  Damage:  Most  infill  walls  exhibit  large  cracks;  some  bricks  may 
dislodge  and  fall;  some  infill  walls  may  bulge  out-of-plane;  few  walls  may  fall  partially 
or  fully;  few  concrete  columns  or  beams  may  fail  in  shear  resulting  in  partial  collapse. 
Structure  may  exhibit  pennanent  lateral  deformation. 

Complete  Structural  Damage:  Structure  has  collapsed  or  is  in  imminent  danger  of 
collapse  due  to  a  combination  of  total  failure  of  the  infill  walls  and  nonductile  failure  of 
the  concrete  beams  and  columns.  Approximately  15%  (low-rise),  13%  (mid-rise)  or  5% 
(high-rise)  of  the  total  area  of  C3  buildings  with  Complete  damage  is  expected  to  be 
collapsed. 

Precast  Concrete  Tilt-Up  Walls  (PCI): 

Slight  Structural  Damage:  Diagonal  hairline  cracks  on  concrete  shear  wall  surfaces; 
larger  cracks  around  door  and  window  openings  in  walls  with  large  proportion  of 
openings;  minor  concrete  spalling  at  few  locations;  minor  separation  of  walls  from  the 
floor  and  roof  diaphragms;  hairline  cracks  around  metal  connectors  between  wall  panels 
and  at  connections  of  beams  to  walls. 

Moderate  Structural  Damage:  Most  wall  surfaces  exhibit  diagonal  cracks;  larger  cracks 
in  walls  with  door  or  window  openings;  few  shear  walls  have  exceeded  their  yield 
capacities  indicated  by  larger  diagonal  cracks  and  concrete  spalling.  Cracks  may  appear 
at  top  of  walls  near  panel  intersections  indicating  “chord”  yielding.  Some  walls  may  have 
visibly  pulled  away  from  the  roof.  Some  welded  panel  connections  may  have  been 
broken,  indicated  by  spalled  concrete  around  connections.  Some  spalling  may  be 
observed  at  the  connections  of  beams  to  walls. 

Extensive  Structural  Damage:  In  buildings  with  relatively  large  area  of  wall  openings 
most  concrete  shear  walls  have  exceeded  their  yield  capacities  and  some  have  exceeded 
their  ultimate  capacities  indicated  by  large,  through-the-wall  diagonal  cracks,  extensive 
spalling  around  the  cracks  and  visibly  buckled  wall  reinforcement.  The  plywood 
diaphragms  may  exhibit  cracking  and  separation  along  plywood  joints.  Partial  collapse  of 
the  roof  may  result  from  the  failure  of  the  wall-to-diaphragm  anchorages  sometimes  with 
falling  of  wall  panels. 

Complete  Structural  Damage:  Structure  is  collapsed  or  is  in  imminent  danger  of 
collapse  due  to  failure  of  the  wall-to-roof  anchorages,  splitting  of  ledgers,  or  failure  of 
plywood-to-ledger  nailing;  failure  of  beams  connections  at  walls;  failure  of  roof  or  floor 
diaphragms;  or,  failure  of  the  wall  panels.  Approximately  15%  of  the  total  area  of  PCI 
buildings  with  Complete  damage  is  expected  to  be  collapsed. 

Precast  Concrete  Frames  with  Concrete  Shear  Walls  (PC2): 

Slight  Structural  Damage:  Diagonal  hairline  cracks  on  most  shear  wall  surfaces;  minor 
concrete  spalling  at  few  connections  of  precast  members. 


531 


Moderate  Structural  Damage:  Most  shear  wall  surfaces  exhibit  diagonal  cracks;  some 
shear  walls  have  exceeded  their  yield  capacities  indicated  by  larger  cracks  and  concrete 
spalling  at  wall  ends;  observable  distress  or  movement  at  connections  of  precast  frame 
connections,  some  failures  at  metal  inserts  and  welded  connections. 

Extensive  Structural  Damage:  Most  concrete  shear  walls  have  exceeded  their  yield 
capacities;  some  walls  may  have  reached  their  ultimate  capacities  indicated  by  large, 
through-the  wall  diagonal  cracks,  extensive  spalling  around  the  cracks  and  visibly 
buckled  wall  reinforcement.  Some  critical  precast  frame  connections  may  have  failed 
resulting  partial  collapse. 

Complete  Structural  Damage:  Structure  has  collapsed  or  is  in  imminent  danger  of 
collapse  due  to  failure  of  the  shear  walls  and/or  failures  at  precast  frame  connections. 
Approximately  15%  (low-rise),  13%  (mid-rise)  or  10%  (high-rise)  of  the  total  area  of 
PC2  buildings  with  Complete  damage  is  expected  to  be  collapsed. 

Reinforced  Masonry  Bearing  Walls  with  Wood  or  Metal  Deck  Diaphragms  (RM1): 

Slight  Structural  Damage:  Diagonal  hairline  cracks  on  masonry  wall  surfaces;  larger 
cracks  around  door  and  window  openings  in  walls  with  large  proportion  of  openings; 
minor  separation  of  walls  from  the  floor  and  roof  diaphragms. 

Moderate  Structural  Damage:  Most  wall  surfaces  exhibit  diagonal  cracks;  some  of  the 
shear  walls  have  exceeded  their  yield  capacities  indicated  by  larger  diagonal  cracks. 
Some  walls  may  have  visibly  pulled  away  from  the  roof. 

Extensive  Structural  Damage:  In  buildings  with  relatively  large  area  of  wall  openings 
most  shear  walls  have  exceeded  their  yield  capacities  and  some  of  the  walls  have 
exceeded  their  ultimate  capacities  indicated  by  large,  through-the-wall  diagonal  cracks 
and  visibly  buckled  wall  reinforcement.  The  plywood  diaphragms  may  exhibit  cracking 
and  separation  along  plywood  joints.  Partial  collapse  of  the  roof  may  result  from  failure 
of  the  wall-to-diaphragm  anchorages  or  the  connections  of  beams  to  walls. 

Complete  Structural  Damage:  Structure  has  collapsed  or  is  in  imminent  danger  of 
collapse  due  to  failure  of  the  wall  anchorages  or  due  to  failure  of  the  wall  panels. 
Approximately  13%  (low-rise)  or  10%  (mid-rise)  of  the  total  area  of  RM1  buildings  with 
Complete  damage  is  expected  to  be  collapsed. 

Reinforced  Masonry  Bearing  Walls  with  Precast  Concrete  Diaphragms  (RM2): 

Slight  Structural  Damage:  Diagonal  hairline  cracks  on  masonry  wall  surfaces;  larger 
cracks  around  door  and  window  openings  in  walls  with  large  proportion  of  openings. 

Moderate  Structural  Damage:  Most  wall  surfaces  exhibit  diagonal  cracks;  some  of  the 
shear  walls  have  exceeded  their  yield  capacities  indicated  by  larger  cracks. 
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Extensive  Structural  Damage:  In  buildings  with  relatively  large  area  of  wall  openings 
most  shear  walls  have  exceeded  their  yield  capacities  and  some  of  the  walls  have 
exceeded  their  ultimate  capacities  exhibited  by  large,  through-the  wall  diagonal  cracks 
and  visibly  buckled  wall  reinforcement.  The  diaphragms  may  also  exhibit  cracking. 

Complete  Structural  Damage:  Structure  is  collapsed  or  is  in  imminent  danger  of 
collapse  due  to  failure  of  the  walls.  Approximately  13%  (low-rise),  10%  (mid-rise)  or  5% 
(high-rise)  of  the  total  area  of  RM2  buildings  with  Complete  damage  is  expected  to  be 
collapsed. 

Unreinforced  Masonry  Bearing  Walls  (URM): 

Slight  Structural  Damage:  Diagonal,  stair-step  hairline  cracks  on  masonry  wall 
surfaces;  larger  cracks  around  door  and  window  openings  in  walls  with  large  proportion 
of  openings;  movements  of  lintels;  cracks  at  the  base  of  parapets. 

Moderate  Structural  Damage:  Most  wall  surfaces  exhibit  diagonal  cracks;  some  of  the 
walls  exhibit  larger  diagonal  cracks;  masonry  walls  may  have  visible  separation  from 
diaphragms;  significant  cracking  of  parapets;  some  masonry  may  fall  from  walls  or 
parapets. 

Extensive  Structural  Damage:  In  buildings  with  relatively  large  area  of  wall  openings 
most  walls  have  suffered  extensive  cracking.  Some  parapets  and  gable  end  walls  have 
fallen.  Beams  or  trusses  may  have  moved  relative  to  their  supports. 

Complete  Structural  Damage:  Structure  has  collapsed  or  is  in  imminent  danger  of 
collapse  due  to  in-plane  or  out-of-plane  failure  of  the  walls.  Approximately  15%  of  the 
total  area  of  URM  buildings  with  Complete  damage  is  expected  to  be  collapsed. 

Mobile  Homes  (MH): 

Slight  Structural  Damage:  Damage  to  some  porches,  stairs  or  other  attached 
components. 

Moderate  Structural  Damage:  Major  movement  of  the  mobile  home  over  its  supports 
resulting  in  some  damage  to  metal  siding  and  stairs  and  requiring  resetting  of  the  mobile 
home  on  its  supports. 

Extensive  Structural  Damage:  Mobile  home  has  fallen  partially  off  its  supports,  often 
severing  utility  lines. 

Complete  Structural  Damage:  Mobile  home  has  totally  fallen  off  its  supports;  usually 
severing  utility  lines,  with  steep  jack  stands  penetrating  through  the  floor.  Approximately 
3%  of  the  total  area  of  MH  buildings  with  Complete  damage  is  expected  to  be  collapsed. 
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1.4.2  Nonstructural  Damage 


Four  damage  states  are  used  to  describe  nonstructural  damage:  Slight,  Moderate, 
Extensive  and  Complete  nonstructural  damage.  Nonstructural  damage  is  considered  to  be 
independent  of  the  structural  model  building  type  (i.e.  partitions,  ceilings,  cladding,  etc. 
are  assumed  to  incur  the  same  damage  when  subjected  to  the  same  interstory  drift  or  floor 
acceleration  whether  they  are  in  a  steel  frame  building  or  in  a  concrete  shear  wall 
building),  consequently,  building-specific  damage  state  descriptions  are  not  meaningful. 
Instead,  general  descriptions  of  nonstructural  damage  states  are  provided  for  common 
nonstructural  systems. 

Damage  to  drift-sensitive  nonstructural  components  is  primarily  a  function  of  interstory 
drift  (e.g.  full-height  drywall  partitions)  while  for  acceleration-sensitive  components  (e.g. 
mechanical  equipment)  damage  is  a  function  of  the  floor  acceleration.  Developing 
fragility  curves  for  each  possible  nonstructural  component  is  not  practicable  for  the 
purposes  of  regional  loss  estimation  and  there  is  insufficient  data  to  develop  such  fragility 
curves.  Hence,  in  this  methodology  nonstructural  building  components  are  grouped  into 
drift-sensitive  and  acceleration-sensitive  component  groups,  and  the  damage  functions 
estimated  for  each  group  are  assumed  to  be  "typical"  of  it  sub-components.  Note, 
however,  that  damage  depends  on  the  anchorage/bracing  provided  to  the  nonstructural 
components.  Damageability  characteristics  of  each  group  are  described  by  a  set  of 
fragility  curves  (see  Subsection  5. 4. 3. 3). 

The  type  of  nonstructural  components  in  a  given  building  is  a  function  of  the  building 
occupancy-use  classification.  For  example,  single-family  residences  would  not  have 
curtain  wall  panels,  suspended  ceilings,  elevators,  etc.  while  these  items  would  be  found 
in  an  office  building.  Hence,  the  relative  values  of  nonstructural  components  in  relation 
to  the  overall  building  replacement  value  vary  with  type  of  occupancy.  In  Chapter  15, 
estimates  of  replacement  cost  breakdown  between  structural  building  components  for 
different  occupancy/use  related  classifications  are  provided;  further  breakdowns  are 
provided  by  drift-  and  acceleration-sensitive  nonstructural  components. 

In  the  following,  general  descriptions  of  the  four  nonstructural  damage  states  are 
described  for  common  nonstructural  building  components: 

Partitions  Walls 


Slight  Nonstructural  Damage:  A  few  cracks  are  observed  at  intersections  of  walls  and 
ceilings  and  at  comers  of  door  openings. 

Moderate  Nonstructural  Damage:  Larger  and  more  extensive  cracks  requiring  repair 
and  repainting;  some  partitions  may  require  replacement  of  gypsum  board  or  other 
finishes. 
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Extensive  Nonstructural  Damage:  Most  of  the  partitions  are  cracked  and  a  significant 
portion  may  require  replacement  of  finishes;  some  door  frames  in  the  partitions  are  also 
damaged  and  require  re-setting. 

Complete  Nonstructural  Damage:  Most  partition  finish  materials  and  framing  may 
have  to  be  removed  and  replaced;  damaged  studs  repaired,  and  walls  refinished.  Most 
door  frames  may  also  have  to  be  repaired  and  replaced. 

Suspended  Ceilings 

Slight  Nonstructural  Damage:  A  few  ceiling  tiles  have  moved  or  fallen  down. 

Moderate  Nonstructural  Damage:  Falling  of  tiles  is  more  extensive;  in  addition  the 
ceiling  support  framing  (T-bars)  has  disconnected  and/or  buckled  at  few  locations;  lenses 
have  fallen  off  of  some  light  fixtures  and  a  few  fixtures  have  fallen;  localized  repairs  are 
necessary. 

Extensive  Nonstructural  Damage:  The  ceiling  system  exhibits  extensive  buckling, 
disconnected  t-bars  and  falling  ceiling  tiles;  ceiling  partially  collapses  at  few  locations 
and  some  light  fixtures  fall;  repair  typically  involves  removal  of  most  or  all  ceiling  tiles. 

Complete  Nonstructural  Damage:  The  ceiling  system  is  buckled  throughout  and/or 
fallen  and  requires  complete  replacement;  many  light  fixtures  fall. 

Exterior  Wall  Panels 


Slight  Nonstructural  Damage:  Slight  movement  of  the  panels,  requiring  realignment. 

Moderate  Nonstructural  Damage:  The  movements  are  more  extensive;  connections  of 
panels  to  structural  frame  are  damaged  requiring  further  inspection  and  repairs;  some 
window  frames  may  need  realignment. 

Extensive  Nonstructural  Damage:  Most  of  the  panels  are  cracked  or  otherwise 
damaged  and  misaligned,  and  most  panel  connections  to  the  structural  frame  are  damaged 
requiring  thorough  review  and  repairs;  few  panels  fall  or  are  in  imminent  danger  of 
falling;  some  window  panes  are  broken  and  some  pieces  of  glass  have  fallen. 

Complete  Nonstructural  Damage:  Most  panels  are  severely  damaged,  most  connections 
are  broken  or  severely  damaged,  some  panels  have  fallen  and  most  are  in  imminent 
danger  of  falling;  extensive  glass  breakage  and  falling. 

Electrical-Mechanical  Equipment,  Piping,  Ducts 

Slight  Nonstructural  Damage:  The  most  vulnerable  equipment  (e.g.  unanchored  or  on 
spring  isolators)  moves  and  damages  attached  piping  or  ducts. 
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Moderate  Nonstructural  Damage:  Movements  are  larger  and  damage  is  more 
extensive;  piping  leaks  at  few  locations;  elevator  machinery  and  rails  may  require 
realignment. 

Extensive  Nonstructural  Damage:  Equipment  on  spring  isolators  topples  and  falls; 
other  unanchored  equipment  slides  or  falls  breaking  connections  to  piping  and  ducts; 
leaks  develop  at  many  locations;  anchored  equipment  indicate  stretched  bolts  or  strain  at 
anchorages. 

Complete  Nonstructural  Damage:  Equipment  is  damaged  by  sliding,  overturning  or 
failure  of  their  supports  and  is  not  operable;  piping  is  leaking  at  many  locations;  some 
pipe  and  duct  supports  have  failed  causing  pipes  and  ducts  to  fall  or  hang  down;  elevator 
rails  are  buckled  or  have  broken  supports  and/or  counterweights  have  derailed. 


2.  Essential  Facilities 


2.1.  Description  of  Essential  Facilities 

Essential  facilities  are  those  facilities  that  provide  services  to  the  community  and  should 
be  functional  after  an  earthquake.  Essential  facilities  include  hospitals,  police  stations, 
fire  stations  and  schools.  The  damage  state  probabilities  for  essential  facilities  are 
detennined  on  a  site-specific  basis  (i.e.,  the  ground  motion  parameters  are  computed  at 
the  location  of  the  facility). 


2.2.  Description  of  Building  Damage  States  for  Essential  Facilities 

Building  damage  states  for  structural  and  nonstructural  components  of  essential  facilities 
are  the  same  as  those  described  in  Chapter  1  for  general  building  stock. 


3.  Transportation  Systems 

Transportation  systems  include  the  following  seven  systems:  Highways,  Railways,  Light 
Rails,  Bus  Facilities,  Ports,  Ferry  and  Airports 


3.1.  Highways  Transportation  System: 

This  system  consists  of  roadways,  bridges  and  tunnels. 
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3.1.1.  Description  of  Highway  Components 

In  this  section,  a  brief  description  of  each  highway  component  is  given. 

Roadways 

Roadways  are  classified  as  major  roads  and  urban  roads.  Major  roads  include  interstate 
and  state  highways  and  other  roads  with  four  lanes  or  more.  Parkways  are  also  classified 
as  major  roads.  Urban  roads  include  intercity  roads  and  other  roads  with  two  lanes. 

Bridges 

Bridges  are  classified  based  on  the  following  structural  characteristics: 

•  Seismic  Design 

•  Number  of  spans:  single  vs.  multiple  span  bridges 

•  Structure  type:  concrete,  steel,  others 

•  Pier  type:  multiple  column  bents,  single  column  bents  and  pier  walls 

•  Abutment  type  and  bearing  type:  monolithic  vs.  non-monolithic;  high  rocker  bearings, 
low  steel  bearings  and  neoprene  rubber  bearings 

•  Span  continuity:  continuous,  discontinuous  (in-span  hinges),  and  simply  supported. 

Tunnels 


Tunnels  are  classified  as  bored/drilled  or  cut  &  cover. 


3.1.2.  Definition  of  Damage  States  of  Highway  Components 

A  total  of  five  damage  states  are  defined  for  highway  system  components.  These  are  none, 

slight/minor,  moderate,  extensive  and  complete. 

Slight/Minor  Damage  (DS2) 

•  For  roadways,  DS2  is  defined  by  slight  settlement  (few  inches)  or  offset  of  the 
ground. 

•  For  bridges,  DS2  is  defined  by  minor  cracking  and  spalling  to  the  abutment,  cracks  in 
shear  keys  at  abutments,  minor  spalling  and  cracks  at  hinges,  minor  spalling  at  the 
column  (damage  requires  no  more  than  cosmetic  repair)  or  minor  cracking  to  the  deck. 

•  For  tunnels,  DS2  is  defined  by  minor  cracking  of  the  tunnel  liner  (damage  requires 
no  more  than  cosmetic  repair)  and  some  rock  falling,  or  by  slight  settlement  of  the 
ground  at  a  tunnel  portal. 
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Moderate  Damage  (DS3) 

•  For  roadways,  DS3  is  defined  by  moderate  settlement  (several  inches)  or  offset  of  the 
ground. 

•  For  bridges,  DS3  is  defined  by  any  column  experiencing  moderate  (shear  cracks) 
cracking  and  spalling  (column  structurally  still  sound),  moderate  movement  of  the 
abutment  (<2"),  extensive  cracking  and  spalling  of  shear  keys,  any  connection  having 
cracked  shear  keys  or  bent  bolts,  keeper  bar  failure  without  unseating,  rocker  bearing 
failure  or  moderate  settlement  of  the  approach. 

•  For  tunnels,  DS3  is  defined  by  moderate  cracking  of  the  tunnel  liner  and  rock  falling. 

Extensive  Damage  (DS4) 

•  For  roadways,  DS4  is  defined  by  major  settlement  of  the  ground  (few  feet). 

•  For  bridges,  DS4  is  defined  by  any  column  degrading  without  collapse  -  shear  failure 
-  (column  structurally  unsafe),  significant  residual  movement  at  connections,  or 
major  settlement  approach,  vertical  offset  of  the  abutment,  differential  settlement  at 
connections,  shear  key  failure  at  abutments. 

•  For  tunnels,  DS4  is  characterized  by  major  ground  settlement  at  a  tunnel  portal  and 
extensive  cracking  of  the  tunnel  liner. 

Complete  Damage  (DS5) 

•  For  roadways,  DS5  is  defined  by  major  settlement  of  the  ground  (i.e.,  same  as  DS4). 

•  For  bridges,  DS5  is  defined  by  any  column  collapsing  and  connection  losing  all 
bearing  support,  which  may  lead  to  imminent  deck  collapse,  tilting  of  substructure 
due  to  foundation  failure. 

•  For  tunnels,  DS5  is  characterized  by  major  cracking  of  the  tunnel  liner,  which  may 
include  possible  collapse. 


3.1.3.  Functionality  of  Highway  Components 

Component  functionality  is  described  by  the  probability  of  damage  state  (immediately 
following  the  earthquake)  and  by  the  associated  fraction  or  percentage  of  the  component 
that  is  expected  to  be  functional  after  a  specified  period  of  time.  For  example,  a  roadway 
link  might  be  found  to  have  a  0.50  probability  of  extensive  damage  and  on  this  basis 
would  have  a  0.50  probability  that  the  road  would  be:  (1)  closed  immediately,  (2) 
partially  open  after  a  3-day  restoration  period  and  (3)  fully  open  after  a  1 -month 
restoration  period. 
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3.2.  Railway  Transportation  System: 

This  system  consists  of  tracks/roadbeds,  bridges,  tunnels,  urban  stations,  maintenance 
facilities,  fuel  facilities,  and  dispatch  facilities. 


3.2.1.  Description  of  Railway  System  Components 

A  railway  system  consists  of  four  components:  tracks/roadbeds,  bridges,  tunnels,  and 
facilities. 

Tracks/Roadbeds 

Tracks/roadbeds  refers  to  the  assembly  of  rails,  ties,  and  fastenings,  and  the  ground  on 
which  they  rest.  Only  one  classification  is  adopted  for  these  components.  This 
classification  is  analogous  to  that  of  urban  roads  in  highway  systems. 

Bridges 

Railway  bridges  are  classified  similar  to  highway  steel  and  concrete  bridges. 

Tunnels 

Railway  tunnels  follow  the  same  classification  as  highway  tunnels.  That  is,  they  are 
classified  either  as  bored/drilled  tunnels  or  cut  &  cover  tunnels. 

Railway  System  Facilities 

Railway  system  facilities  include  urban  and  suburban  stations,  maintenance  facilities,  fuel 
facilities,  and  dispatch  facilities. 

Urban  and  Suburban  stations  are  generally  key  connecting  hubs  that  are  important  for 
system  functionality.  In  western  US,  these  buildings  are  mostly  made  of  reinforced 
concrete  shear  walls  or  moment  resisting  steel  frames,  while  in  the  eastern  US,  the  small 
stations  are  mostly  wood  and  the  large  ones  are  mostly  masonry  or  braced  steel  frames. 

Maintenance  facilities  are  housed  in  large  structures  that  are  not  usually  critical  for 
system  functionality  as  maintenance  activities  can  be  delayed  or  performed  elsewhere. 
These  building  structures  are  often  made  of  steel  braced  frames. 

Fuel  facilities  include  buildings,  tanks  (anchored,  unanchored,  or  buried),  backup  power 
systems  (if  available,  anchored  or  unanchored  diesel  generators),  pumps,  and  other 
equipment  (anchored  or  unanchored).  It  should  be  mentioned  that  anchored  equipment  in 
general  refers  to  equipment  designed  with  special  seismic  tiedowns  or  tiebacks,  while 
unanchored  equipment  refers  to  equipment  designed  with  no  special  considerations  other 
than  the  manufacturer's  normal  requirements.  While  some  vibrating  components,  such  as 
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pumps,  are  bolted  down  regardless  of  concern  for  earthquakes,  as  used  here  “anchored” 
means  all  components  have  been  engineered  to  meet  seismic  criteria  which  may  include 
bracing  (e.g.,  pipe  or  stack  bracing)  or  flexibility  requirements  (e.g.,  flexible  connections 
across  separation  joints)  as  well  as  anchorage.  These  definitions  of  anchored  and 
unanchored  apply  to  all  lifeline  components.  The  fuel  facility  functionality  is  determined 
with  a  fault  tree  analysis  considering  redundancies  and  subcomponent  behavior.  Note  that 
generic  building  damage  functions  are  used  in  this  fault  tree  analysis  for  developing  the 
overall  fragility  curve  of  fuel  facilities.  Above  ground  tanks  are  typically  made  of  steel 
with  roofs  also  made  of  steel.  Buried  tanks  are  typically  concrete  wall  construction  with 
concrete  roofs.  In  total,  five  types  of  fuel  facilities  are  considered.  These  are:  fuel 
facilities  with  or  without  anchored  equipment  and  with  or  without  backup  power  (all 
combinations),  and  fuel  facilities  with  buried  tanks. 

Dispatch  facilities  consist  of  buildings,  backup  power  supplies  (if  available,  anchored  or 
unanchored  diesel  generators),  and  electrical  equipment  (anchored  or  unanchored). 
Generic  reinforced  concrete  building  with  shear  walls  damage  functions,  are  used  in  this 
fault  tree  analysis  for  developing  the  overall  fragility  curves  for  dispatch  facilities.  In 
total,  four  types  of  dispatch  facilities  are  considered.  These  are  dispatch  facilities  with  or 
without  anchored  equipment  and  with  or  without  backup  power  (all  combinations). 


3.2.2.  Definitions  of  Damage  States  of  Railway  System  Components 

A  total  of  five  damage  states  are  defined  for  railway  system  components.  These  are  none 

(DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 

Slight/Minor  Damage  (DS2) 

•  For  tracks  and  roadbeds,  DS2  is  defined  by  minor  (localized)  derailment  due  to 
slight  differential  settlement  of  embankment  or  offset  of  the  ground. 

•  For  railway  bridges,  DS2  is  defined  similar  to  highway  bridges. 

•  For  railway  tunnels,  DS2  is  defined  similar  to  highway  tunnels. 

•  For  railway  system  facilities: 

•  For  urban  stations  and  maintenance  facilities,  DS2  is  defined  by  slight  building 
damage  (check  chapter  1  for  full  description  of  potential  damage). 

•  For  fuel  facilities  with  anchored  equipment,  DS2  is  defined  by  slight  damage  to 
pump  building,  minor  damage  to  anchor  of  tanks,  or  loss  of  off-site  power  (check 
electric  power  systems  for  more  on  this)  for  a  very  short  period  and  minor  damage  to 
backup  power  (i.e.  to  diesel  generators,  if  available). 
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•  For  fuel  facilities  with  unanchored  equipment,  DS2  is  defined  by  elephant  foot 
buckling  of  tanks  with  no  leakage  or  loss  of  contents,  slight  damage  to  pump  building, 
or  loss  of  commercial  power  for  a  very  short  period  and  minor  damage  to  backup 
power  (i.e.  to  diesel  generators,  if  available). 

•  For  fuel  facilities  with  buried  tanks  (PGD  related  damage),  DS2  is  defined  by  minor 
uplift  (few  inches)  of  the  buried  tanks  or  minor  cracking  of  concrete  walls. 

•  For  dispatch  facilities  with  anchored  equipment,  DS2  is  defined  by  minor  anchor 
damage,  slight  damage  to  building,  or  loss  of  commercial  power  for  a  very  short 
period  and  minor  damage  to  backup  power  (i.e.  diesel  generators,  if  available). 

•  For  dispatch  facilities  with  unanchored  equipment,  DS2  is  defined  by  loss  of  off¬ 
site  power  for  a  very  short  period  and  minor  damage  to  backup  power  (i.e.  to  diesel 
generators,  if  available),  or  slight  damage  to  building. 

Moderate  Damage  (DS3) 

•  For  railway  tracks  and  roadbeds,  DS3  is  defined  by  considerable  derailment  due  to 
differential  settlement  or  offset  of  the  ground.  Rail  repair  is  required. 

•  For  railway  bridges,  DS3  is  defined  as  for  highway  bridges. 

•  For  railway  tunnels,  DS3  is  defined  as  for  highway  tunnels. 

•  For  railway  system  facilities: 

•  For  urban  stations  and  maintenance  facilities,  DS3  is  defined  by  moderate  building 
damage  (check  Chapter  1  for  description  of  potential  damage). 

•  For  fuel  facilities  with  anchored  equipment,  DS3  is  defined  by  elephant  foot 
buckling  of  tanks  with  no  leakage  or  loss  of  contents,  considerable  damage  to 
equipment,  moderate  damage  to  pump  building,  or  loss  of  commercial  power  for  few 
days  and  malfunction  of  backup  power  (i.e.,  diesel  generators,  if  available). 

•  For  fuel  facilities  with  unanchored  equipment,  DS3  is  defined  by  elephant  foot 
buckling  of  tanks  with  partial  loss  of  contents,  moderate  damage  to  pump  building, 
loss  of  commercial  power  for  few  days  and  malfunction  of  backup  power  (i.e.,  diesel 
generators,  if  available). 

•  For  fuel  facilities  with  buried  tanks,  DS3  is  defined  by  damage  to  roof  supporting 
columns,  and  considerable  cracking  of  walls. 

•  For  dispatch  facilities  with  anchored  equipment,  DS3  is  defined  by  considerable 
anchor  damage,  moderate  damage  to  building,  or  loss  of  commercial  power  for  few 
days  and  malfunction  of  backup  power  (i.e.,  diesel  generators,  if  available). 
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•  For  dispatch  facilities  with  unanchored  equipment,  DS3  is  defined  by  moderate 
damage  to  building,  or  loss  of  off-site  power  for  few  days  and  malfunction  of  backup 
power  (i.e.,  diesel  generators,  if  available). 

Extensive  Damage  (DS4) 

•  .For  railway  tracks/roadbeds,  DS4  is  defined  by  major  differential  settlement  of  the 

ground  resulting  in  potential  derailment  over  extended  length. 

•  .  For  railway  bridges,  DS4  is  defined  the  same  as  it  is  for  highway  bridges. 

•  .  For  railway  tunnels,  DS4  is  defined  the  same  as  it  is  for  highway  tunnels. 

•  .For  railway  system  facilities: 

•  .For  urban  stations  and  maintenance  facilities,  DS4  is  defined  by  extensive  building 

damage  (check  Chapter  1  for  description  of  potential  damage). 

•  .For  fuel  facilities  with  anchored  equipment,  DS4  is  defined  by  elephant  foot  buckling 

of  tanks  with  loss  of  contents,  extensive  damage  to  pumps  (cracked/sheared  shafts), 
or  extensive  damage  to  pump  building. 

•  .  For  fuel  facilities  with  unanchored  equipment,  DS4  is  defined  by  weld  failure  at  base 

of  tank  with  loss  of  contents,  extensive  damage  to  pump  building,  or  extensive 
damage  to  pumps  (cracked/sheared  shafts). 

•  For  fuel  facilities  with  buried  tanks,  DS4  is  defined  by  considerable  uplift  (more  than 
a  foot)  of  the  tanks  and  rupture  of  the  attached  piping. 

•  For  dispatch  facilities  with  unanchored  or  anchored  equipment,  DS4  is  defined  by 
extensive  building  damage. 

Complete  Damage  (DS5) 

•  For  railway  tracks/roadbeds,  DS5  is  the  same  as  DS4. 

•  For  railway  bridges,  DS5  is  defined  the  same  as  it  is  for  highway  bridges. 

•  For  railway  tunnels,  DS5  is  defined  the  same  as  it  is  for  highway  tunnels. 

•  For  railway  system  facilities: 

•  For  urban  stations  and  maintenance  facilities,  DS5  is  defined  by  extensive  to 
complete  building  damage  (check  Chapter  1  for  description  of  potential  damage). 
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•  For  fuel  facilities  with  anchored  equipment,  DS5  is  defined  by  weld  failure  at  base 
of  tank  with  loss  of  contents,  or  extensive  to  complete  damage  to  pump  building. 

•  For  fuel  facilities  with  unanchored  equipment,  DS5  is  defined  by  tearing  of  tank 
wall  or  implosion  of  tank  (with  total  loss  of  content),  or  extensive/complete  damage 
to  pump  building. 

•  For  fuel  facilities  with  buried  tanks,  DS5  is  same  as  DS4. 

•  For  dispatch  facilities  with  unanchored  or  anchored  equipment,  DS5  is  defined 
by  complete  damage  to  building. 


3.2.3.  Functionality  of  Railway  System  Components 

Component  functionality  is  described  similar  to  highway  system  components,  that  is,  by 
the  probability  of  being  in  a  damage  state  (immediately  following  the  earthquake)  and  by 
the  associated  fraction  or  percentage  of  the  component  that  is  expected  to  be  functional 
after  a  specified  period  of  time. 


3.3.  Light  Rail  Transportation  System 


3.3.1.  Description  of  Light  Rail  Systems 

Like  railway  systems,  light  rail  systems  consist  of  railway  tracks/roadbeds,  bridges, 
tunnels,  maintenance  facilities,  dispatch  facilities  and  DC  power  substations.  The  first 
five  are  the  same  as  for  railway  systems  and  are  already  described  in  Section  3.2.1. 
Therefore,  only  DC  substations  will  be  described  in  this  subsection. 

DC  Power  Substations 

Light  rail  systems  use  electric  power  and  have  low  voltage  DC  power  substations.  DC 
power  is  used  by  the  light  rail  system's  electrical  distribution  system.  The  DC  power 
substations  consist  of  electrical  equipment,  which  convert  the  local  electric  utility  AC 
power  to  DC  power.  Two  types  of  DC  power  stations  are  considered.  These  are:  (1)  DC 
power  stations  with  anchored  (seismically  designed)  components  and  (2)  DC  power 
stations  with  unanchored  (which  are  not  seismically  designed)  components. 

3.3.2  Definitions  of  Damage  States  of  Light  Rail  Systems 

A  total  of  five  damage  states  are  defined  for  light  rail  system  components.  These  are  none 
(DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 
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Slight  or  Minor  Damage  (DS2) 

•  For  tracks/roadbeds,  DS2  is  defined  similar  to  railway  tracks. 

•  For  light  rail  bridges,  DS2  is  defined  similar  to  railway  bridges. 

•  For  light  rail  tunnels,  DS2  is  defined  similar  to  highway  tunnels. 

•  For  light  rail  system  facilities: 

•  For  maintenance  facilities,  DS2  is  defined  similar  to  railway  maintenance  facilities. 

•  For  dispatch  facilities,  DS2  is  defined  similar  to  railway  dispatch  facilities. 

•  For  DC  power  substations  with  anchored  or  unanchored  components,  DS2  is 

defined  by  loss  of  off-site  power  for  a  very  short  period,  or  slight  damage  to  building. 

Moderate  Damage  (DS3) 

•  For  tracks/roadbeds,  DS3  is  defined  similar  to  railway  tracks. 

•  For  light  rail  bridges,  DS3  is  defined  similar  to  railway  bridges. 

•  For  light  rail  tunnels,  DS3  is  defined  similar  to  highway  tunnels. 

•  For  light  rail  system  facilities: 

•  For  maintenance  facilities,  DS3  is  defined  similar  to  railway  maintenance  facilities. 

•  For  dispatch  facilities,  DS3  is  defined  similar  to  railway  dispatch  facilities. 

•  For  DC  power  substations  with  anchored  or  unanchored  components,  DS3  is 

defined  by  loss  of  off-site  power  for  few  days,  considerable  damage  to  equipment,  or 
moderate  damage  to  building. 

Extensive  Damage  (DS4) 

•  For  tracks/roadbeds,  DS4  is  defined  similar  to  railway  tracks. 

•  For  light  rail  bridges,  DS4  is  defined  similar  to  railway  bridges. 

•  For  light  rail  tunnels,  DS4  is  defined  similar  to  highway  tunnels. 

•  For  light  rail  system  facilities: 

•  For  maintenance  facilities,  DS4  is  defined  similar  to  railway  maintenance  facilities. 
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•  For  dispatch  facilities,  DS4  is  defined  similar  to  railway  dispatch  facilities. 

•  For  DC  power  substations  with  anchored  or  unanchored  components,  DS4  is 

defined  by  extensive  building  damage. 

Complete  Damage  (DS5) 

•  For  tracks/roadbeds,  DS5  is  defined  similar  to  railway  tracks. 

•  For  light  rail  bridges,  DS5  is  defined  similar  to  railway  bridges. 

•  For  light  rail  tunnels,  DS5  is  defined  similar  to  highway  tunnels. 

•  For  light  rail  system  facilities: 

•  For  maintenance  facilities,  DS5  is  defined  similar  to  railway  maintenance  facilities. 

•  For  dispatch  facilities,  DS5  is  defined  similar  to  railway  dispatch  facilities. 

•  For  DC  power  substations  with  anchored  or  unanchored  components,  DS5  is  defined 

by  complete  building  damage. 

3.3.3.  Functionality  of  Light  Rail  Systems 

Component  functionality  is  described  by  the  probability  of  damage  state  (immediately 
following  the  earthquake)  and  by  the  associated  fraction  or  percentage  of  the  component 
that  is  expected  to  be  functional  after  a  specified  period  of  time. 

3.4.  Bus  Transportation  System 

3.4.1.  Description  of  Bus  System  Components 

A  bus  system  consists  mainly  of  four  components:  urban  stations,  fuel  facilities, 
maintenance  facilities,  and  dispatch  facilities.  Major  losses  can  occur  if  bus  maintenance 
buildings  collapse  and  operational  problems  may  arise  if  a  dispatch  facility  is  damaged. 
This  section  provides  a  brief  description  of  each  component. 

Urban  Stations 

These  are  mainly  buildings  structures. 
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Bus  System  Fuel  Facilities 


Fuel  facility  consists  of  fuel  storage  tanks,  buildings,  pump  equipment  and  buried  pipe, 
and,  sometimes,  backup  power.  The  fuel  facility  functionality  is  detennined  with  a  fault 
tree  analysis  considering  redundancies  and  sub-component  behavior.  The  same  classes 
assumed  for  railway  fuel  facilities  are  assumed  here. 

Bus  System  Maintenance  Facilities 

Maintenance  facilities  for  bus  systems  are  mostly  made  of  steel  braced  frames.  The  same 
classes  assumed  for  railway  maintenance  facilities  are  assumed  here. 

Bus  System  Dispatch  Facilities 

The  same  classes  assumed  for  railway  dispatch  facilities  are  assumed  here. 


3.4.2  Definitions  of  Damage  States  of  Bus  System  Components 

Damage  states  describing  the  level  of  damage  to  each  of  the  bus  system  components  are 
defined  (i.e.  slight,  moderate,  extensive  or  complete).  Damage  states  are  related  to 
damage  ratio  (defined  as  ratio  of  repair  to  replacement  cost)  for  evaluation  of  direct 
economic  loss. 

For  bus  systems,  the  restoration  is  dependent  upon  the  extent  of  damage  to  the  fuel, 
maintenance,  and  dispatch  facilities. 


3.4.3  Definitions  of  Damage  States  of  Bus  System  Components 

A  total  of  five  damage  states  are  defined  for  bus  system  components.  These  are  none 
(DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 

Slight  Damage  (DS2) 

•  For  urban  stations,  DS2  is  defined  similar  to  railway  urban  stations. 

•  For  fuel  facilities,  DS2  is  defined  similar  to  railway  fuel  facilities. 

•  For  maintenance  facilities,  DS2  is  defined  similar  to  railway  maintenance  facilities. 

•  For  dispatch  facilities,  DS2  is  defined  similar  to  railway  dispatch  facilities. 

Moderate  Damage  (DS3) 

•  For  urban  stations,  DS3  is  defined  similar  to  railway  urban  stations. 

•  For  fuel  facilities,  DS3  is  defined  similar  to  railway  fuel  facilities. 
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•  For  maintenance  facilities,  DS3  is  defined  similar  to  railway  maintenance  facilities. 

•  For  dispatch  facilities,  DS3  is  defined  similar  to  railway  dispatch  facilities. 

Extensive  Damage  (DS4) 

•  For  urban  stations,  DS4  is  defined  similar  to  railway  urban  stations. 

•  For  fuel  facilities,  DS4  is  defined  similar  to  railway  fuel  facilities. 

•  For  maintenance  facilities,  DS4  is  defined  similar  to  railway  maintenance  facilities. 

•  For  dispatch  facilities,  DS4  is  defined  similar  to  railway  dispatch  facilities. 

Complete  Damage  (DS5) 

•  For  urban  stations,  DS5  is  defined  similar  to  railway  urban  stations. 

•  For  fuel  facilities,  DS5  is  defined  similar  to  railway  fuel  facilities. 

•  For  maintenance  facilities,  DS5  is  defined  similar  to  railway  maintenance  facilities. 

•  For  dispatch  facilities,  DS5  is  defined  similar  to  railway  dispatch  facilities. 

3.4.4.  Functionality  of  Bus  Transportation  Systems 

Component  functionality  is  described  by  the  probability  of  being  in  a  damage  state 
(immediately  following  the  earthquake)  and  by  the  associated  fraction  or  percentage  of 
the  component  that  is  expected  to  be  functional  after  a  specified  period  of  time. 


3.5.  Port  Transportation  Systems 

3.5.1.  Description  of  Port  Transportation  Systems 

A  port  system  consists  of  four  components:  waterfront  structures,  cranes/cargo  handling 
equipment,  fuel  facilities,  and  warehouses.  In  many  cases,  these  facilities  were 
constructed  prior  to  widespread  use  of  engineered  fills;  consequently,  the  wharf,  pier,  and 
seawall  structures  are  prone  to  damage  due  to  soil  failures  such  as  liquefaction.  This 
section  provides  a  brief  description  of  each. 
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Waterfront  Structures 


This  component  includes  wharves  (port  embankments),  seawalls  (protective  walls  from 
erosion),  and  piers  (break-water  structures  which  form  harbors)  that  exist  in  the  port 
system.  Waterfront  structures  typically  are  supported  by  wood,  steel  or  concrete  piles. 
Many  also  have  batter  piles  to  resist  lateral  loads  from  wave  action  and  impact  of  vessels. 
Seawalls  are  caisson  walls  retaining  earth  fill  material. 

Cranes  and  Cargo  Handling  Equipment 

These  are  large  equipment  items  used  to  load  and  unload  freight  from  vessels.  These  are 
can  be  stationary  or  mounted  on  rails. 

Port  Fuel  Facilities 

The  fuel  facility  consists  mainly  of  fuel  storage  tanks,  buildings,  pump  equipment,  piping, 
and,  sometimes,  backup  power.  These  are  the  same  as  those  for  railway  systems 
presented  in  Section  3.2.1. 

Warehouses 

Warehouses  are  large  buildings  usually  constructed  of  structural  steel.  In  some  cases, 
warehouses  may  be  several  hundred  feet  from  the  shoreline,  while  in  other  instances;  they 
may  be  located  on  the  wharf  itself. 


3.5.2.  Definition  of  Damage  States  of  Port  Transportation  Systems 

A  total  of  five  damage  states  are  defined  for  port  system  components.  These  are  none 

(DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 

Slight/Minor  Damage  (DS2) 

•  For  waterfront  structures,  DS2  is  defined  by  minor  ground  settlement  resulting  in 
few  piles  (for  piers/seawalls)  getting  broken  and  damaged.  Cracks  are  formed  on  the 
surface  of  the  wharf.  Repair  may  be  needed. 

•  For  cranes/cargo  handling  equipment,  DS2  is  defined  by  slight  damage  to  structural 
members  with  no  loss  of  function  for  the  stationary  equipment,  while  for  the 
unanchored  or  rail  mounted  equipment,  DS1  is  defined  as  minor  derailment  or 
misalignment  without  any  major  structural  damage  to  the  rail  mount.  Minor  repair 
and  adjustments  may  be  required  before  the  crane  becomes  operable. 

•  For  fuel  facilities,  DS2  is  defined  the  same  as  it  is  for  railway  facilities. 

•  For  warehouses,  DS2  is  defined  by  slight  damage  to  the  warehouse  building. 


548 


Moderate  Damage  (DS3) 

•  For  waterfront  structures,  DS3  is  defined  as  considerable  ground  settlement  with 
several  piles  (for  piers/seawalls)  getting  broken  and  damaged. 

•  For  cranes/cargo  handling  equipment,  DS3  is  defined  as  derailment  due  to 
differential  displacement  of  parallel  track.  Rail  repair  and  some  repair  to  structural 
members  is  required. 

•  For  fuel  facilities,  DS3  is  defined  the  same  as  it  is  for  railway  facilities. 

•  For  warehouses,  DS3  is  defined  by  moderate  damage  to  the  warehouse  building. 

Extensive  Damage  (DS4) 

•  For  waterfront  structures,  DS4  is  defined  by  failure  of  many  piles,  extensive  sliding 
of  piers,  and  significant  ground  settlement  causing  extensive  cracking  of  pavements. 

•  For  cranes/cargo  handling  equipment,  DS4  is  defined  by  considerable  damage  to 
equipment.  Toppled  or  totally  derailed  cranes  are  likely  to  occur.  Replacement  of 
structural  members  is  required. 

•  For  fuel  facilities,  DS4  is  defined  same  as  for  railway  facilities. 

•  For  warehouses,  DS4  is  defined  by  extensive  damage  to  warehouse  building. 


3.5.3.  Functionality  of  Port  Transportation  Systems 

For  ports  the  restoration  is  dependent  upon  the  extent  of  damage  to  the  waterfront 
structures,  cranes/cargo  handling  equipment,  fuel  facilities,  and  warehouses.  From  the 
standpoint  of  functionality  of  the  port,  the  user  should  consider  the  restoration  of  only  the 
waterfront  structures  and  cranes  since  the  fuel  facilities  and  warehouses  are  not  as  critical 
to  the  functionality  of  the  port. 


3. 6.  Ferry  Transportation  System 


3.6.1.  Description  of  Ferry  System  Components 

A  ferry  system  consists  of  five  components:  waterfront  structures,  fuel  facilities, 
maintenance  facilities,  dispatch  facilities,  and  passenger  terminals.  This  section  provides 
a  brief  description  of  each. 
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Waterfront  Structures 

The  waterfront  structures  are  located  at  the  points  of  embarkation  or  disembarkation,  and 
they  are  similar  to,  although  not  as  extensive  as,  those  of  the  port  transportation  system 
described  in  Section  3.5.1. 

Fuel  Facilities 

These  facilities  are  usually  located  at  one  of  the  two  points  of  embarkation  and  they  are 
similar  to  those  for  port  system  mentioned  in  Section  3.5.1. 

Maintenance  Facilities 

These  facilities  are  usually  located  at  one  of  the  two  points  of  embarkation  and  they  are 
often  steel  braced  frame  structures,  but  other  building  types  are  possible. 

Dispatch  Facilities 

These  facilities  are  usually  located  at  one  of  the  two  points  of  embarkation  and  they  are 
similar  to  those  defined  for  railway  system  in  Section  3.2.1. 

Passenger  Terminals 

These  facilities  are  usually  located  at  one  of  the  two  points  of  embarkation  and  they  are 
often  moment  resisting  steel  frames,  but  other  building  types  are  possible. 


3.6.2.  Definitions  of  Ferry  System  Components 

A  total  of  five  damage  states  are  defined  for  ferry  system  components.  These  are  none 
(DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 

Slight/Minor  Damage  (DS2) 

•  For  waterfront  structures,  DS2  is  the  same  as  that  for  waterfront  structures  in  the 
port  module. 

•  For  fuel  facilities,  DS2  is  the  same  as  that  for  fuel  facilities  in  the  port  module. 

•  For  maintenance  facilities,  DS2  is  defined  by  slight  damage  to  building. 

•  For  dispatch  facilities,  DS2  is  the  same  as  that  for  dispatch  facilities  in  the  railway 
module. 

•  For  passenger  terminals,  DS2  is  defined  by  slight  damage  to  building. 
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Moderate  Damage  (DS3) 

•  For  waterfront  structures,  DS3  is  the  same  as  that  for  waterfront  structures  in  the 
port  module. 

•  For  fuel  facilities,  DS3  is  the  same  as  that  for  fuel  facilities  in  the  port  module. 

•  For  maintenance  facilities,  DS3  is  defined  by  moderate  damage  to  building. 

•  For  dispatch  facilities,  DS3  is  the  same  as  that  for  dispatch  facilities  in  the  railway 
module. 

•  For  passenger  terminals,  DS3  is  defined  by  moderate  damage  to  building. 

Extensive  Damage  (DS4) 

•  For  waterfront  structures,  DS4  is  the  same  as  that  for  waterfront  structures  in  the 
port  module. 

•  For  fuel  facilities,  DS4  is  the  same  as  that  for  fuel  facilities  in  the  port  module. 

•  For  maintenance  facilities,  DS4  is  defined  by  extensive  damage  to  building. 

•  For  dispatch  facilities,  DS4  is  the  same  as  that  for  dispatch  facilities  in  the  railway 

•  module. 

•  For  passenger  terminals,  DS4  is  defined  by  extensive  damage  to  building. 

Complete  Damage  (DS5) 

•  For  waterfront  structures,  DS5  is  the  same  as  that  for  waterfront  structures  in  the 
port  module. 

•  For  fuel  facilities,  DS5  is  the  same  as  that  for  fuel  facilities  in  the  port  module. 

•  For  maintenance  facilities,  DS5  is  defined  by  complete  damage  to  building. 

•  For  dispatch  facilities,  DS5  is  the  same  as  that  for  dispatch  facilities  in  the  railway 
module. 

•  For  passenger  terminals,  DS5  is  defined  as  complete  damage  to  building. 


3.6.3.  Functionality  of  Ferry  System  Components 
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Restoration  curves  describe  the  fraction  or  percentage  of  the  component  that  is  expected 
to  be  open  or  operational  as  a  function  of  time  following  the  earthquake.  For  ferries  the 
restoration  is  dependent  upon  the  extent  of  damage  to  the  waterfront  structures;  fuel, 
maintenance,  and  dispatch  facilities;  and  passenger  terminals. 

Interdependence  of  components  on  overall  system  functionality  is  not  addressed  by  the 
methodology.  Such  considerations  require  a  system  (network)  analysis  that  would  be 
perfonned  separately  by  a  transportation  system  expert  as  an  advanced  study. 


3. 7.  Airport  Transportation  System 


3.7.1.  Description  of  Airport  Components 

An  airport  system  consists  of  the  six  components  mentioned  above:  runways,  control 
tower,  fuel  facilities,  maintenance  facilities,  and  parking  structures.  For  airports,  control 
towers  are  often  constructed  of  reinforced  concrete,  while  terminal  buildings  and 
maintenance  facilities  are  often  constructed  of  structural  steel  or  reinforced  concrete.  This 
section  provides  a  brief  description  of  each. 

Runways 

This  component  consists  of  well-paved  "flat  and  wide  surfaces". 

Control  Tower 

Control  tower  consists  of  a  building  and  the  necessary  equipment  of  air  control  and 
monitoring. 

Fuel  Facilities 

These  have  been  previously  defined  in  Section  3.2.1.  of  railway  systems. 

Terminal  Buildings 

These  are  similar  to  urban  stations  of  railway  systems  from  the  classification  standpoint 
(as  well  as  services  provided  to  passengers). 

Maintenance  Facilities,  Hangar  Facilities,  and  Parking  Structures 

Classification  of  maintenance  facilities  is  the  same  as  for  those  in  railway  systems. 
Hangar  facilities  and  parking  structures  are  mainly  composed  of  buildings. 
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3.7.2.  Definitions  of  Damage  States 

A  total  of  five  damage  states  are  defined  for  airport  system  components.  These  are  none 

(DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 

Slight/Minor  Damage  (DS2) 

•  For  runways,  DS2  is  defined  as  minor  ground  settlement  or  heaving  of  runway 
surface. 

•  For  control  tower,  DS2  is  defined  as  slight  damage  to  the  building  as  given  in 
Section  1.4. 

•  For  fuel  facilities,  DS2  is  the  same  as  that  for  fuel  facilities  in  the  railway  module. 

•  For  terminal  buildings,  DS2  is  defined  as  slight  damage  to  the  building  as  given  in 
Section  1.4. 

•  For  maintenance  and  hangar  facilities,  DS2  is  defined  as  slight  damage  to  the 
building  as  given  in  Section  1.4. 

•  For  parking  structures,  DS2  is  defined  as  slight  damage  to  the  building  as  given  in 
Section  1.4. 

Moderate  Damage  (DS3) 

•  For  runways,  DS3  is  defined  same  as  DS2. 

•  For  control  tower,  DS3  is  defined  as  moderate  damage  to  the  building  as  given  in 
Section  1.4. 

•  For  fuel  facilities,  DS3  is  the  same  as  that  for  fuel  facilities  in  the  railway  module. 

•  For  terminal  buildings,  DS3  is  defined  as  moderate  damage  to  the  building  as  given 
in  Section  1.4. 

•  For  maintenance  and  hangar  facilities,  DS3  is  defined  as  moderate  damage  to  the 
building  as  given  in  Section  1.4. 

•  For  parking  structures,  DS3  is  defined  as  moderate  damage  to  the  building  as  given 
in  Section  1.4. 

Extensive  Damage  (DS4) 

•  For  runways,  DS4  is  defined  as  considerable  ground  settlement  or  considerable 
heaving  of  runway  surface. 
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•  For  control  tower,  DS4  is  defined  as  extensive  damage  to  the  building  as  given  in 
section  5.3. 

•  For  fuel  facilities,  DS4  is  the  same  as  that  for  fuel  facilities  in  the  railway  module. 

•  For  terminal  buildings,  DS4  is  defined  as  extensive  damage  to  the  building  as  given 
in  Section  1.4. 

•  For  maintenance  and  hangar  facilities,  DS4  is  defined  as  extensive  damage  to  the 
building  as  given  in  Section  1.4. 

•  For  parking  structures,  DS4  is  defined  as  extensive  damage  to  the  building  as  given 
in  Section  1.4. 

Complete  Damage  (DS5) 

•  For  runways,  DS5  is  defined  as  extensive  ground  settlement  or  excessive  heaving  of 
runway  surface. 

•  For  control  tower,  DS5  is  defined  as  complete  damage  to  the  building  as  given  in 
section  5.3. 

•  For  fuel  facilities,  DS5  is  the  same  as  that  for  fuel  facilities  in  the  railway  module. 

•  For  terminal  buildings,  DS5  is  defined  as  complete  damage  to  the  building  as  given 
in  Section  1.4. 

•  For  maintenance  and  hangar  facilities,  DS5  is  defined  as  complete  damage  to  the 
building  as  given  in  Section  1.4. 

•  For  parking  structures,  DS5  is  defined  as  complete  damage  to  the  building  as  given 
in  Section  1.4. 


3.7.3.  Definition  of  Functionality  of  Highway  Components 

Component  restoration  curves  are  provided  for  each  damage  state  to  evaluate  loss  of 
function.  Restoration  curves  describe  the  fraction  or  percentage  of  the  component  that  is 
expected  to  be  open  or  operational  as  a  function  of  time  following  the  earthquake.  For 
airports,  the  restoration  is  dependent  upon  the  extent  of  damage  to  the  airport  tenninals, 
buildings,  storage  tanks  (for  fuel  facilities),  control  tower,  and  runways. 


4.  Utility  Systems 

The  Utility  Module  is  composed  of  the  following  six  systems: 
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•  Potable  Water 

•  Waste  Water 

•  Oil  (crude  and  refined) 

•  Natural  Gas 

•  Electric  Power 

•  Communication 


4.1.  Potable  Water  Systems 

This  system  consists  of  supply,  storage,  transmission,  and  distribution  components.  All  of 
these  components  are  vulnerable  to  damage  during  earthquakes,  which  may  result  in  a 
significant  disruption  to  the  water  utility  network. 


4.1.1  Description  of  Potable  Water  System  Components 

A  potable  water  system  typically  consists  of  terminal  reservoirs,  water  treatment  plants, 
wells,  pumping  plants,  storage  tanks  and  transmission  and  distribution  pipelines.  In  this 
subsection,  a  brief  description  of  each  of  these  components  is  presented. 

Terminal  Reservoirs 

Terminal  reservoirs  are  typically  lakes  (man  made  or  natural)  and  are  usually  located 
nearby  and  upstream  of  the  water  treatment  plant.  Vulnerability  of  tenninal  reservoirs 
and  associated  dams  is  marginally  assessed  in  the  loss  estimation  methodology.  Therefore, 
even  though  reservoirs  are  an  essential  part  of  a  potable  water  system,  it  is  assumed  in  the 
analysis  of  water  systems  that  the  amount  of  water  flowing  into  water  treatment  plants 
from  reservoirs  right  after  an  earthquake  is  essentially  the  same  as  before  the  earthquake. 

Transmission  Aqueducts 

These  transmission  conduits  are  typically  large  size  pipes  (more  than  20  inches  in 
diameter)  or  channels  (canals)  that  convey  water  from  its  source  (reservoirs,  lakes,  rivers) 
to  the  treatment  plant.  Transmission  pipelines  are  commonly  made  of  concrete,  ductile 
iron,  cast  iron,  or  steel.  These  could  be  elevated/at  grade  or  buried.  Elevated  or  at  grade 
pipes  are  typically  made  of  steel  (welded  or  riveted),  and  they  can  run  in  single  or 
multiple  lines.  Canals  are  typically  lined  with  concrete,  mainly  to  avoid  excessive  loss  of 
water  by  seepage  and  to  control  erosion.  In  addition  to  concrete  lining,  expansion  joints 
are  usually  used  to  account  for  swelling  and  shrinkage  under  varying  temperature  and 
moisture  conditions.  Damageability  of  channels  has  occurred  in  some  earthquake,  but  is 
outside  the  scope  of  the  scope  of  the  methodology. 


555 


Supply  Facilities-  Water  Treatment  Plants  (WTP) 

Water  treatment  plants  are  generally  composed  of  a  number  of  physical  and  chemical  unit 
processes  connected  in  series,  for  the  purpose  of  improving  the  water  quality.  A 
conventional  WTP  consists  of  a  coagulation  process,  followed  by  a  sedimentation  process, 
and  finally  a  filtration  process.  Alternately,  a  WTP  can  be  regarded  as  a  system  of 
interconnected  pipes,  basins,  and  channels  through  which  the  water  moves,  and  where  the 
flow  is  governed  by  hydraulic  principles.  WTP  are  categorized  as  follows: 

Small  water  treatment  plants,  with  capacity  ranging  from  10  mgd  to  50  mgd,  are  assumed 
to  consist  of  a  filter  gallery  with  flocculation  tanks  (composed  of  paddles  and  baffles)  and 
settling  (or  sedimentation)  basins  as  main  components,  chemical  tanks  (needed  in  the 
coagulation  and  other  destabilization  processes),  chlorination  tanks,  electrical  and 
mechanical  equipment,  and  elevated  pipes. 

Medium  water  treatment  plants,  with  capacity  ranging  from  50  mgd  to  200  mgd,  are 
simulated  by  adding  more  redundancy  to  small  treatment  plants  (i.e.  twice  as  many 
flocculation,  sedimentation,  chemical  and  chlorination  tanks). 

Large  water  treatment  plants,  with  capacity  above  200  mgd,  are  simulated  by  adding 
even  more  redundancy  to  small  treatment  plants  (i.e.,  three  times  as  many  flocculation, 
sedimentation,  chemical  and  chlorination  tanks/basins). 

Water  treatment  plants  are  also  classified  based  on  whether  the  subcomponents 
(equipment  and  backup  power)  are  anchored  or  not  as  defined  in  section  3.2.1. 

Pumping  Plants  (PP) 

Pumping  plants  are  usually  composed  of  a  building,  one  or  more  pumps,  electrical 
equipment,  and  in  some  cases,  backup  power  systems.  Pumping  plants  are  classified  as 
either  small  PP  (less  than  10  mgd  capacity)  or  medium/large  PP  (more  than  10  mgd 
capacity).  Pumping  plants  are  also  classified  with  respect  to  whether  the  subcomponents 
(equipment  and  backup  power)  are  anchored  or  not.  As  noted  in  Chapter  3.2.1,  anchored 
means  equipment  designed  with  special  seismic  tie  downs  and  tiebacks  while  unanchored 
means  equipment  with  manufactures  normal  requirements. 

Wells  (WE) 

Wells  typically  have  a  capacity  between  1  and  5  mgd.  Wells  are  used  in  many  cities  as  a 
primary  or  supplementary  source  of  water  supply.  Wells  include  a  shaft  from  the  surface 
down  to  the  aquifer,  a  pump  to  bring  the  water  up  to  the  surface,  equipment  used  to  treat 
the  water,  and  sometimes  a  building,  which  encloses  the  well  and  equipment. 


556 


Water  Storage  Tanks  (ST) 

Water  storage  tanks  can  be  elevated  steel,  on  ground  steel  (anchored/unanchored),  on 
ground  concrete  (anchored/unanchored),  buried  concrete,  or  on  ground  wood  tanks. 
Typical  capacity  of  storage  tanks  is  in  the  range  of  0.5  mgd  to  2  mgd. 

Distribution  Facilities  and  Distribution  Pipes 

Distribution  of  water  can  be  accomplished  by  gravity,  or  by  pumps  in  conjunction  with 
on-line  storage.  Except  for  storage  reservoirs  located  at  a  much  higher  altitude  than  the 
area  being  served,  distribution  of  water  would  necessitate,  at  least,  some  pumping  along 
the  way.  Typically,  water  is  pumped  at  a  relatively  constant  rate,  with  flow  in  excess  of 
consumption  being  stored  in  elevated  storage  tanks.  The  stored  water  provides  a  reserve 
for  fire  flow  and  may  be  used  for  general-purpose  flow  should  the  electric  power  fail,  or 
in  case  of  pumping  capacity  loss.  Distribution  pipelines  are  commonly  made  of  concrete 
(prestressed  or  reinforced),  asbestos  cement,  ductile  iron,  cast  iron,  steel,  or  plastic.  The 
selection  of  material  type  and  pipe  size  are  based  on  the  desired  carrying  capacity, 
availability  of  material,  durability,  and  cost.  Distribution  pipes  represent  the  network  that 
delivers  water  to  consumption  areas.  Distribution  pipes  may  be  further  subdivided  into 
primary  lines,  secondary  lines,  and  small  distribution  mains.  The  primary  or  arterial 
mains  carry  flow  from  the  pumping  station  to  and  from  elevated  storage  tanks,  and  to  the 
consumption  areas,  whether  residential,  industrial,  commercial,  or  public.  These  lines  are 
typically  laid  out  in  interlocking  loops,  and  all  smaller  lines  connecting  to  them  are 
typically  valved  so  that  failure  in  smaller  lines  does  not  require  shutting  off  the  larger. 
Primary  lines  can  be  up  to  36  inches  in  diameter.  Secondary  lines  are  smaller  loops 
within  the  primary  mains  and  run  from  one  primary  line  to  another.  They  serve  primarily 
to  provide  a  large  amount  of  water  for  fire  fighting  without  excessive  pressure  loss.  Small 
distribution  lines  represent  the  mains  that  supply  water  to  the  user  and  to  the  fire  hydrants. 
In  this  earthquake  loss  estimation  study,  the  simplified  method  for  water  system  network 
performance  evaluation  applies  to  a  distribution  pipe  network  digitized  at  the  primary 
level. 


4.1.2  Definition  of  Damage  States  of  Potable  Water  System  Components 

Potable  water  systems  are  susceptible  to  earthquake  damage.  Facilities  such  as  water 
treatment  plants;  wells,  pumping  plants  and  storage  tanks  are  most  vulnerable  to  PGA, 
and  sometimes  PGD,  if  located  in  liquefiable  or  landslide  zones.  Therefore,  the  damage 
states  for  these  components  are  defined  and  associated  with  PGA  and  PGD.  Aqueducts 
and  pipelines,  on  the  other  hand,  are  vulnerable  to  PGV  and  PGD.  Therefore,  the  damage 
states  for  these  components  are  associated  with  these  two  ground  motion  parameters. 

Damage  states  describing  the  level  of  damage  to  each  of  the  water  system  components 
are  defined  (i.e.,  slight/minor,  moderate,  extensive,  or  complete),  while  for  pipelines,  the 
number  of  repairs/km  is  the  key  parameter. 
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4.1. 2.1.  Damage  State  Definitions  for  Components  Other  than  Pipelines 

A  total  of  five  damage  states  for  potable  water  system  components  are  defined.  These  are 

none  (DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4),  and  complete  (DS5). 

Slight/Minor  Damage  (DS2) 

•  For  water  treatment  plants,  DS2  is  defined  by  malfunction  of  plant  for  a  short  time 
(less  than  three  days)  due  to  loss  of  electric  power  and  backup  power  if  any, 
considerable  damage  to  various  equipment,  light  damage  to  sedimentation  basins, 
light  damage  to  chlorination  tanks,  or  light  damage  to  chemical  tanks.  Loss  of  water 
quality  may  occur. 

•  For  pumping  plants,  DS2  is  defined  by  malfunction  of  plant  for  a  short  time  (less 
than  three  days)  due  to  loss  of  electric  power  and  backup  power  if  any,  or  slight 
damage  to  buildings. 

•  For  wells,  DS2  is  defined  by  malfunction  of  well  pump  and  motor  for  a  short  time 
(less  than  three  days)  due  to  loss  of  electric  power  and  backup  power  if  any,  or  light 
damage  to  buildings. 

•  For  storage  tanks,  DS2  is  defined  by  the  tank  suffering  minor  damage  without  loss 
of  its  contents  or  functionality.  Minor  damage  to  the  tank  roof  due  to  water  sloshing, 
minor  cracks  in  concrete  tanks,  or  localized  wrinkles  in  steel  tanks  fits  the  description 
of  this  damage  state. 

Moderate  Damage  (DS3) 

•  For  water  treatment  plants,  DS3  is  defined  by  malfunction  of  plant  for  about  a  week 
due  to  loss  of  electric  power  and  backup  power  if  any,  extensive  damage  to  various 
equipment,  considerable  damage  to  sedimentation  basins,  considerable  damage  to 
chlorination  tanks  with  no  loss  of  contents,  or  considerable  damage  to  chemical  tanks. 
Loss  of  water  quality  is  imminent. 

•  For  pumping  plants,  DS3  is  defined  by  the  loss  of  electric  power  for  about  a  week, 
considerable  damage  to  mechanical  and  electrical  equipment,  or  moderate  damage  to 
buildings. 

•  For  wells,  DS3  is  defined  by  malfunction  of  well  pump  and  motor  for  about  a  week 
due  to  loss  of  electric  power  and  backup  power  if  any,  considerable  damage  to 
mechanical  and  electrical  equipment,  or  moderate  damage  to  buildings. 

•  For  Storage  Tanks,  DS3  is  defined  by  the  tank  being  considerably  damaged,  but 
only  minor  loss  of  content.  Elephant  foot  buckling  for  steel  tanks  without  loss  of 
content  or  moderate  cracking  of  concrete  tanks  with  minor  loss  of  content  fits  the 
description  of  this  damage  state. 
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Extensive  Damage  (DS4) 


•  For  water  treatment  plants,  DS4  is  defined  by  the  pipes  connecting  the  different 
basins  and  chemical  units  being  extensively  damaged.  This  type  of  damage  will  likely 
result  in  the  shutdown  of  the  plant. 

•  For  pumping  plants,  DS4  is  defined  by  the  building  being  extensively  damaged,  or 
the  pumps  being  badly  damaged  beyond  repair. 

•  For  wells,  DS4  is  defined  by  the  building  being  extensively  damaged  or  the  well 
pump  and  vertical  shaft  being  badly  distorted  and  nonfunctional. 

•  For  Storage  Tanks,  DS4  is  defined  by  the  tank  being  severely  damaged  and  going 
out  of  service.  Elephant  foot  buckling  for  steel  tanks  with  loss  of  content,  stretching 
of  bars  for  wood  tanks,  or  shearing  of  wall  for  concrete  tanks  fits  the  description  of 
this  damage  state. 

Complete  Damage  (DS5) 

•  For  water  treatment  plants,  DS5  is  defined  by  the  complete  failure  of  all  pipings,  or 
extensive  damage  to  the  filter  gallery. 

•  For  pumping  plants,  DS5  is  defined  by  the  building  collapsing. 

•  For  wells,  DS5  is  defined  by  the  building  collapsing. 

•  For  Storage  Tanks,  DS5  is  defined  by  the  tank  collapsing  and  losing  all  of  its  content. 

4.1. 2.1.  Damage  State  Definitions  for  Pipelines 

For  pipelines,  two  damage  states  are  considered.  These  are  leaks  and  breaks.  Generally, 

when  a  pipe  is  damaged  due  to  ground  failure  (PGD),  the  type  of  damage  is  likely  to  be  a 

break,  while  when  a  pipe  is  damaged  due  to  seismic  wave  propagation  (PGV),  the  type  of 

damage  is  likely  to  be  joint  pull-out  or  crushing  at  the  bell. 


4.1.3  Functionality  of  Potable  Water  System  Pipelines 

The  loss  assessment  methodology  estimates  the  flow  reduction  to  the  areas  served  by  the 
water  system  being  evaluated.  In  other  words,  a  functionality  of  50%  means  that  50%  of 
the  population  would  be  affected  because  of  potable  water  disruption. 
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4.2.  Waste  Water  Systems 

This  system  consists  of  transmission  and  treatment  components.  These  components  are 
vulnerable  to  damage  during  earthquakes,  which  may  result  in  significant  disruption  to 
the  utility  network. 


4.2.1  Description  of  Waste  Water  System  Components 

A  waste  water  system  typically  consists  of  collection  sewers,  interceptors,  lift  stations, 
and  wastewater  treatment  plants.  In  this  section,  a  brief  description  of  each  of  these 
components  is  given. 

Collection  Sewers 

Collection  sewers  are  generally  closed  conduits  that  carry  normally  sewage  with  a  partial 
flow.  Collection  sewers  could  be  sanitary  sewers,  storm  sewers,  or  combined  sewers. 
Pipe  materials  that  are  used  for  potable  water  transportation  may  also  be  used  for 
wastewater  collection.  The  most  commonly  used  sewer  material  is  clay  pipe 
manufactured  with  integral  bell  and  spigot  end.  These  pipes  range  in  size  from  4  to  42 
inches  in  diameter.  Concrete  pipes  are  mostly  used  for  storm  drains  and  for  sanitary 
sewers  carrying  noncorrosive  sewage  (i.e.  with  organic  materials).  For  the  smaller 
diameter  range,  plastic  pipes  are  also  used. 

Interceptors 

Interceptors  are  large  diameter  sewer  mains.  They  are  usually  located  at  the  lowest 
elevation  areas.  Pipe  materials  that  are  used  for  interceptor  sewers  are  similar  to  those 
used  for  collection  sewers. 

Lift  Stations  (LS) 

Lift  stations  are  important  parts  of  the  waste  water  system.  Lift  stations  serve  to  raise 
sewage  over  topographical  rises.  If  the  lift  station  is  out  of  service  for  more  than  a  short 
time,  untreated  sewage  will  either  spill  out  near  the  lift  station,  or  back  up  into  the 
collection  sewer  system.  In  this  study,  lift  stations  are  classified  as  either  small  LS 
(capacity  less  than  10  mgd)  or  medium/large  LS  (capacity  greater  than  10  mgd).  Lift 
stations  are  also  classified  as  having  either  anchored  or  unanchored  subcomponents  (see 
Section  3.2.1  for  the  definition  of  anchored  and  unanchored  subcomponents) 

Waste  Water  Treatment  Plants  (WWTP) 

Three  sizes  of  wastewater  treatment  plants  are  considered:  small  (capacity  less  than  50 
mgd),  medium  (capacity  between  50  and  200  mgd),  and  large  (capacity  greater  than  200 
mgd).  WWTP  has  the  same  processes  existing  in  WTP  with  the  addition  of  secondary 
treatment  subcomponents. 


560 


4.2.2  Definitions  of  Damage  States  of  Waste  Water  System  Components 

Waste  water  systems  are  susceptible  to  earthquake  damage.  Facilities  such  as  waste  water 
treatment  plants  and  lift  stations  are  mostly  vulnerable  to  PGA,  and  sometimes  PGD,  if 
located  in  liquefiable  or  landslide  zones.  Therefore,  the  damage  states  for  these 
components  are  defined  and  associated  with  PGA  and  PGD.  Sewers,  on  the  other  hand, 
are  vulnerable  to  PGV  and  PGD.  Therefore,  the  damage  algorithms  for  these  components 
are  associated  with  those  two  ground  motion  parameters. 

4. 2.2.1.  Damage  States  Definitions  for  Components  other  than  Sewers/Interceptors 

A  total  of  five  damage  states  are  defined  for  waste  water  system  components  other  than 
sewers  and  interceptors.  These  are  none  (DS1),  slight/minor  (DS2),  moderate  (DS3), 
extensive  (DS4)  and  complete  (DS5). 

Slight/Minor  Damage  (DS2) 

•  For  waste  water  treatment  plants,  DS2  is  defined  as  for  WTP  in  potable  water 
systems. 

•  For  lift  stations,  DS2  is  defined  as  for  pumping  plants  in  potable  water  systems. 

Moderate  Damage  (DS3) 

•  For  waste  water  treatment  plants,  DS3  is  defined  as  for  WTP  in  potable  water 
systems. 

•  For  lift  stations,  DS3  is  defined  as  for  pumping  plants  in  potable  water  systems. 

Extensive  Damage  (DS4) 

•  For  waste  water  treatment  plants,  DS4  is  defined  as  for  WTP  in  potable  water 
systems. 

•  For  lift  stations,  DS4  is  defined  as  for  pumping  plants  in  potable  water  systems. 

Complete  Damage  (DS5) 

•  For  waste  water  treatment  plants,  DS5  is  defined  as  for  WTP  in  potable  water 
systems. 

•  For  lift  stations,  DS5  is  defined  as  for  pumping  plants  in  potable  water  systems. 

4.2. 2.2.  Damage  States  Definitions  for  Sewers/Interceptors 

For  sewers/interceptors,  two  damage  states  are  considered.  These  are  leaks  and 
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breaks.  Generally,  when  a  sewer/interceptor  is  damaged  due  to  ground  failure,  the  type 
of  damage  is  likely  to  be  a  break,  while  when  a  sewer/interceptor  is  damaged  due  to 
seismic  wave  propagation;  the  type  of  damage  is  likely  to  be  joint  pullout  or  crushing  at 
the  bell.  In  the  loss  methodology,  it  is  assumed  that  damage  due  to  seismic  waves  will 
consist  of  80%  leaks  and  20%  breaks,  while  damage  due  to  ground  failure  will  consist  of 
20%  leaks  and  80%  breaks.  The  user  can  override  these  default  percentages. 


4.3.  Oil  Systems 

This  system  consists  of  refineries  and  transmission  components.  These  components  are 
vulnerable  to  damage  during  earthquakes,  which  may  result  in  significant  disruption  to 
this  utility  network. 


4.3.1.  Description  of  Oil  System  Components 

An  oil  system  typically  consists  of  refineries,  pumping  plants,  tank  farms,  and  pipelines. 
In  this  section,  a  brief  description  of  each  of  these  components  is  given. 

Refineries  (RF) 

Refineries  are  an  important  part  of  an  oil  system.  They  are  used  for  processing  crude  oil 
before  it  can  be  used.  Although  supply  of  water  is  critical  to  the  functioning  of  refinery,  it 
is  assumed  in  the  methodology  that  an  uninterrupted  supply  of  water  is  available  to  the 
refinery.  Two  sizes  of  refineries  are  considered:  small,  and  medium/large. 

Small  refineries  (capacity  less  than  100,000  barrels  per  day),  are  assumed  to  consist  of 
steel  tanks  on  grade,  stacks,  other  electrical  and  mechanical  equipment,  and  elevated 
pipes.  Stacks  are  essentially  tall  cylindrical  chimneys. 

Medium/Large  refineries  (capacity  more  than  100,000  barrels  per  day),  are 
simulated  by  adding  more  redundancy  to  small  refineries  (i.e.  twice  as  many 
tanks,  stacks,  elevated  pipes). 

Oil  Pipelines 

Oil  pipelines  are  used  for  the  transportation  of  oil  over  long  distances.  About  seventy-five 
percent  of  the  crude  oil  is  transported  throughout  the  United  States  by  pipelines.  A  large 
segment  of  industry  and  millions  of  people  could  be  severely  affected  by  disruption  of 
crude  oil  supplies.  Rupture  of  crude  oil  pipelines  could  lead  to  pollution  of  land  and 
rivers.  Pipelines  are  typically  made  of  mild  steel  with  submerged  arc  welded  joints, 
although  older  gas  welded  steel  pipe  may  be  present  in  some  systems.  In  this  study, 
buried  pipelines  are  considered  to  be  vulnerable  to  PGV  and  PGD. 
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Pumping  Plants  (PP) 


Pumping  plants  serve  to  maintain  the  flow  of  oil  in  cross-country  pipelines.  Pumping 
plants  usually  use  two  or  more  pumps.  Pumps  can  be  of  either  centrifugal  or 
reciprocating  type.  However,  no  differentiation  is  made  between  these  two  types  of 
pumps  in  the  analysis  of  oil  systems.  Pumping  plants  are  classified  as  having  either 
anchored  or  unanchored  subcomponents,  as  defined  in  3.2.1. 

Tank  Farms  (TF) 

Tank  farms  are  facilities  that  store  fuel  products.  They  include  tanks,  pipes  and  electric 
components.  Tank  farms  are  classified  as  having  either  anchored  or  unanchored 
subcomponents,  as  defined  in  Section  3.2.1. 


4.3.2.  Definitions  of  Damage  States  of  Oil  System  Components 

Oil  systems  are  susceptible  to  earthquake  damage.  Facilities  such  as  refineries,  pumping 
plants  and  tank  farms  are  mostly  vulnerable  to  PGA,  and  sometimes  PGD,  if  located  in 
liquefiable  or  landslide  zones.  Therefore,  the  damage  states  for  these  components  are 
defined  and  associated  with  PGA  and  PGD.  Pipelines,  on  the  other  hand,  are  vulnerable 
to  PGV  and  PGD.  Therefore,  the  damage  states  for  these  components  are  associated  with 
these  two  ground  motion  parameters. 

4.3. 2.1  Damage  States  Definitions  for  Components  other  than  Pipelines 

A  total  of  five  damage  states  are  defined  for  oil  system  components  other  than  pipelines. 
These  are  none  (DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and 
complete  (DS5). 

Slight/Minor  Damage  (DS2) 

•  For  refineries,  DS2  is  defined  by  malfunction  of  plant  for  a  short  time  (few  days)  due 
to  loss  of  electric  power  and  backup  power,  if  any,  or  light  damage  to  tanks. 

•  For  pumping  plants,  DS2  is  defined  by  light  damage  to  building. 

•  For  tank  farms,  DS2  is  defined  by  malfunction  of  plant  for  a  short  time  (less  than 
three  days)  due  to  loss  of  backup  power  or  light  damage  to  tanks. 

Moderate  Damage  (DS3) 

•  For  refineries,  DS3  is  defined  by  malfunction  of  plant  for  a  week  or  so  due  to  loss  of 
electric  power  and  backup  power  if  any,  extensive  damage  to  various  equipment,  or 
considerable  damage  to  tanks. 
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•  For  pumping  plants,  DS3  is  defined  by  considerable  damage  to  mechanical  and 
electrical  equipment,  or  considerable  damage  to  building. 

•  For  tank  farms,  DS3  is  defined  by  malfunction  of  tank  farm  for  a  week  or  so  due  to 
loss  of  backup  power,  extensive  damage  to  various  equipment,  or  considerable 
damage  to  tanks. 

Extensive  Damage  (DS4) 

•  For  refineries,  DS4  is  defined  by  the  tanks  being  extensively  damaged,  or  stacks 
collapsing. 

•  For  pumping  plants,  DS4  is  defined  by  the  building  being  extensively  damaged,  or 
pumps  badly  damaged. 

•  For  tank  farms,  DS4  is  defined  by  the  tanks  being  extensively  damaged,  or  extensive 
damage  to  elevated  pipes. 

Complete  Damage  (DS5) 

•  For  refineries,  DS5  is  defined  by  the  complete  failure  of  all  elevated  pipes,  or 
collapse  of  tanks. 

•  For  pumping  plants,  DS5  is  defined  by  the  building  being  in  complete  damage  state. 

•  For  tank  farms,  DS5  is  defined  by  the  complete  failure  of  all  elevated  pipes,  or 
collapse  of  tanks. 

4.3. 2. 2.  Damage  State  Definitions  for  Pipelines 

For  pipelines,  two  damage  states  are  considered.  These  are  leaks  and  breaks.  Generally, 

when  a  pipe  is  damaged  due  to  ground  failure,  the  type  of  damage  is  likely  to  be  a  break, 

while  when  a  pipe  is  damaged  due  to  seismic  wave  propagation;  the  type  of  damage  is 

likely  to  be  local  buckling  of  the  pipe  wall. 


4.4.  Natural  Gas  Systems 


4.4.1.  Description  of  Natural  Gas  System  Components 

A  natural  gas  system  typically  consists  of  compressor  stations  and  pipelines.  In  this 
section,  a  brief  description  of  each  of  these  components  is  given. 
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Compressor  Stations 


Compressor  stations  serve  to  maintain  the  flow  of  gas  in  cross-country  pipelines. 
Compressor  stations  consist  of  either  centrifugal  or  reciprocating  compressors.  However, 
no  differentiation  is  made  between  these  two  types  of  compressors  in  the  analysis  of 
natural  gas  systems.  Compressor  stations  are  categorized  as  having  either  anchored  or 
unanchored  subcomponents,  as  defined  in  Section  3.2.1.  The  compressor  stations  are 
similar  to  pumping  plants  in  oil  systems  discussed  in  Section  4.3.1. 

Natural  Gas  Pipelines 

Pipelines  are  typically  made  of  mild  steel  with  submerged  arc  welded  joints,  although 
older  lines  may  have  gas- welded  joints.  These  are  used  for  the  transportation  of  natural 
gas  over  long  distances.  Many  industries  and  residents  could  be  severely  affected  should 
disruption  of  natural  gas  supplies  occur. 


4.4.2  Definitions  of  Damage  States  of  Natural  Gas  System  Components 

Facilities  such  as  compressor  stations  are  mostly  vulnerable  to  PGA,  sometimes  PGD,  if 
located  in  liquefiable  or  landslide  zones.  Therefore,  damage  states  for  these  components 
are  defined  and  associated  with  either  PGA  or  PGD.  Pipelines,  on  the  other  hand,  are 
vulnerable  to  PGV  and  PGD;  therefore,  damage  states  for  these  components  are 
associated  with  these  two  ground  motion  parameters. 

4. 4.2.1  Damage  States  Definitions  for  Compressor  Stations 

A  total  of  five  damage  states  are  defined  for  gas  system  components.  These  are  none 
(DS1),  slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 

Slight/Minor  Damage  (DS2) 

DS2  is  defined  by  slight  damage  to  building. 


Moderate  Damage  (DS3) 

DS3  is  defined  by  considerable  damage  to  mechanical  and  electrical  equipment, 
or  considerable  damage  to  building. 

Extensive  Damage  (DS4) 

DS4  is  defined  by  the  building  being  extensively  damaged  or  the  pumps  badly 
damaged  beyond  repair. 

Complete  Damage  (DS5) 

DS5  is  defined  by  the  building  in  complete  damage  state. 
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4.4.2.2  Damage  States  Definitions  for  Pipelines 


For  pipelines,  two  damage  states  are  considered.  These  are  leaks  and  breaks.  Generally, 
when  a  pipe  is  damaged  due  to  ground  failure,  the  type  of  damage  is  likely  to  be  a  break, 
while  when  a  pipe  is  damaged  due  to  seismic  wave  propagation;  the  type  of  damage  is 
likely  to  be  local  bucking  of  the  pipe  wall.  In  the  loss  methodology,  it  is  assumed  that 
damage  due  to  seismic  waves  will  consist  of  80%  leaks  and  20%  breaks,  while  damage 
due  to  ground  failure  will  consist  of  20%  leaks  and  80%  breaks.  The  user  can  override 
these  default  percentages. 


4.5.  Electric  Power  Systems 


4.5.1.  Description  of  Electric  Power  System  Components 

As  mentioned  before,  the  components  of  an  electric  power  system  considered  in  the  loss 
estimation  methodology  are  substations,  distribution  circuits,  and  generation  plants.  In 
this  section  a  brief  description  of  each  of  these  components  is  presented. 

Substations 

An  electric  substation  is  a  facility  that  serves  as  a  source  of  energy  supply  for  the  local 
distribution  area  in  which  it  is  located,  and  has  the  following  main  functions: 

-  Change  or  switch  voltage  from  one  level  to  another. 

-  Provide  points  where  safety  devices  such  as  disconnect  switches,  circuit  breakers,  and 
other  equipment  can  be  installed. 

-  Regulate  voltage  to  compensate  for  system  voltage  changes. 

-  Eliminate  lightning  and  switching  surges  from  the  system. 

-  Convert  AC  to  DC  and  DC  to  AC,  as  needed. 

-  Change  frequency,  as  needed. 

Substations  can  be  entirely  enclosed  in  buildings  where  all  the  equipment  is  assembled 
into  one  metal  clad  unit.  Other  substations  have  step-down  transformers,  high  voltage 
switches,  oil  circuit  breakers,  and  lightning  arrestors  located  outside  the  substation 
building.  In  the  current  loss  estimation  methodology,  only  transmission  (138  kV  to  765 
kV  or  higher)  and  subtransmission  (34.5  kV  to  161  kV)  substations  are  considered.  These 
will  be  classified  as  high  voltage  (350  kV  and  above),  medium  voltage  (150  kV  to  350 
kV)  and  low  voltage  (34.5  kV  to  150  kV),  and  will  be  referred  to  as  500  kV  substations, 
230kV  substations,  and  115kV  substations,  respectively.  The  classification  is  also  a 
function  of  whether  the  subcomponents  are  anchored  or  typical  (unanchored),  as  defined 
in  Section  3.2.1. 
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Distribution  Circuits 


The  distribution  system  is  divided  into  a  number  of  circuits.  A  distribution  circuit 
includes  poles,  wires,  in-line  equipment  and  utility-owned  equipment  at  customer  sites.  A 
distribution  circuit  also  includes  above  ground  and  underground  conductors.  Distribution 
circuits  either  consist  of  anchored  or  unanchored  components. 

Generation  Plants 

These  plants  produce  alternating  current  (AC)  and  may  be  any  of  the  following  types: 

-  Hydroelectric 

-  Steam  turbine  (fossil  fuel  fired  or  nuclear) 

-  Combustion  turbine  (fossil  fuel  fired) 

-  Geothermal 

-  Solar 

-  Wind 

-  Compressed  air 

Fossil  fuels  are  either:  coal,  oil,  or  natural  gas.  Generation  plant  subcomponents  include 
diesel  generators,  turbines,  racks  and  panels,  boilers  and  pressure  vessels,  and  the 
building  in  which  these  are  housed.  The  size  of  the  generation  plant  is  determined  from 
the  number  of  Megawatts  of  electric  power  that  the  plant  can  produce  under  normal 
operations.  Small  generation  plants  have  a  generation  capacity  of  less  than  200 
Megawatts.  Medium/Large  generation  plants  have  a  capacity  greater  than  200  Megawatts. 
Fragility  curves  for  generation  plants  with  anchored  versus  unanchored  subcomponents 
are  presented. 


4.5.2.  Definitions  of  Damage  States  of  Electric  Power  Systems 

Electric  power  systems  are  susceptible  to  earthquake  damage.  Facilities  such  as 
substations,  generation  plants,  and  distribution  circuits  are  mostly  vulnerable  to  PGA,  and 
sometimes  PGD,  if  located  in  liquefiable  or  landslide  zones.  Therefore,  the  damage  states 
for  these  components  are  defined  in  terms  of  PGA  and  PGD.  A  total  of  five  damage 
states  are  defined  for  electric  power  system  components.  These  are  none  (DS1), 
slight/minor  (DS2),  moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 

Note  that  for  power  systems,  in  particular  for  substations  and  distribution  circuits,  these 
damage  states  are  defined  with  respect  to  the  percentage  of  subcomponents  being 
damaged.  That  is,  for  a  substation  with  nl  transformers,  n2  disconnect  switches,  n3 
circuit  breakers,  and  n4  current  transformers,  the  substation  is  said  to  be  in  a  slight  or 
minor  damage  state  if  5%  of  n2  or  5%  of  n3  are  damaged,  and  it  is  in  the  extensive 
damage  state  if  70%  of  nl,  70%  of  n2,  or  70%  of  n3  are  damaged,  or  if  the  building  is  in 
extensive  damage  state.  A  parametric  study  on  nl,  n2,  n3,  and  n4  values  shows  that  the 
medians  of  the  damage  states  defined  in  this  manner  don’t  change  appreciably  (less  than 
3  %)  as  the  ni's  vary,  while  the  corresponding  dispersions  get  smaller  as  the  ni's  increase. 
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Therefore,  we  used  dispersions  obtained  from  the  small  sample  numbers  along  with  the 

relatively  constant  median  values. 

Slight/Minor  Damage  (DS2) 

•  For  substations,  DS2  is  defined  as  the  failure  of  5%  of  the  disconnect  switches  (i.e., 
misalignment),  or  the  failure  of  5  %  of  the  circuit  breakers  (i.e.,  circuit  breaker  phase 
sliding  off  its  pad,  circuit  breaker  tipping  over,  or  interrupter-head  falling  to  the 
ground),  or  by  the  building  being  in  minor  damage  state. 

•  For  distribution  circuits,  DS2  is  defined  by  the  failure  of  4  %  of  all  circuits. 

•  For  generation  plants,  DS2  is  defined  by  turbine  tripping,  or  light  damage  to  diesel 
generator,  or  by  the  building  being  in  minor  damage  state. 

Moderate  Damage  (DS3) 

•  For  substations,  DS3  is  defined  as  the  failure  of  40%  of  disconnect  switches  (e.g., 
misalignment),  or  40%  of  circuit  breakers  (e.g.,  circuit  breaker  phase  sliding  off  its 
pad,  circuit  breaker  tipping  over,  or  interrupter-head  falling  to  the  ground),  or  failure 
of  40%  of  current  transformers  (e.g.,  oil  leaking  from  transformers,  porcelain 
cracked),  or  by  the  building  being  in  moderate  damage  state. 

•  For  distribution  circuits,  DS3  is  defined  by  the  failure  of  12%  of  circuits. 

•  For  generation  plants,  DS3  is  defined  some  by  the  chattering  of  instrument  panels 
and  racks,  considerable  damage  to  boilers  and  pressure  vessels,  or  by  the  building 
being  in  moderate  damage  state. 

Extensive  Damage  (DS4) 

•  For  substations,  DS4  is  defined  as  the  failure  of  70%  of  disconnect  switches  (e.g., 
misalignment),  70%  of  circuit  breakers,  70%  of  current  transfonners  (e.g.,  oil  leaking 
from  transformers,  porcelain  cracked),  or  by  failure  of  70%  of  transformers  (e.g., 
leakage  of  transfonner  radiators),  or  by  the  building  being  in  extensive  damage  state. 

•  For  distribution  circuits,  DS4  is  defined  by  the  failure  of  50%  of  all  circuits. 

•  For  generation  plants,  DS4  is  defined  by  considerable  damage  to  motor  driven 
pumps,  or  considerable  damage  to  large  vertical  pumps,  or  by  the  building  being  in 
extensive  damage  state. 

Complete  Damage  (DS5) 

•  For  substations,  DS5  is  defined  as  the  failure  of  all  disconnect  switches,  all  circuit 
breakers,  all  transformers,  or  all  current  transfonners,  or  by  the  building  being  in 
complete  damage  state. 
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•  For  distribution  circuits,  DS5  is  defined  by  the  failure  of  80%  of  all  circuits. 

•  For  generation  plants,  DS5  is  defined  by  extensive  damage  to  large  horizontal 
vessels  beyond  repair,  extensive  damage  to  large  motor  operated  valves,  or  by  the 
building  being  in  complete  damage  state. 


4.6.  Communication  Systems 

The  major  components  of  a  communication  system  are: 

•  Central  offices  and  broadcasting  stations  (this  includes  all  subcomponents  such  as 
central  switching  equipment) 

•  Transmission  lines  (these  include  all  subcomponents  such  as  equipment  used  to 
connect  central  office  to  end  users) 

•  Cabling  (low  capacity  links) 

Central  offices  and  broadcasting  stations  are  the  only  components  of  the  communication 
system  considered  in  this  section. 


4.6.1.  Description  of  Communication  System  Components 

As  it  was  mentioned  previously,  only  facilities  are  considered.  A  communication  facility 
consists  of  a  building  (generic  type  is  assumed  in  the  methodology),  central  switching 
equipment  (i.e.,  digital  switches,  anchored  or  unanchored),  and  back-up  power  supply  (i.e. 
diesel  generators  or  battery  generators,  anchored  or  unanchored)  that  may  be  needed  to 
supply  the  requisite  power  to  the  center  in  case  of  loss  of  off-site  power. 


4.6.2.  Definitions  of  Damage  States 

Communication  facilities  are  susceptible  to  earthquake  damage.  A  total  of  five  damage 
states  are  defined  for  these  components.  These  are  none  (DS1),  slight/minor  (DS2), 
moderate  (DS3),  extensive  (DS4)  and  complete  (DS5). 


Slight/Minor  Damage  (DS2) 

Slight  damage,  DS2  is  defined  by  slight  damage  to  the  communication  facility  building, 
or  inability  of  the  center  to  provide  services  during  a  short  period  (few  days)  due  to  loss 
of  electric  power  and  backup  power,  if  available. 
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Moderate  Damage  (DS3) 

Moderate  damage,  DS3  is  defined  by  moderate  damage  to  the  communication  facility 
building,  few  digital  switching  boards  being  dislodged,  or  the  central  office  being  out  of 
service  for  a  few  days  due  to  loss  of  electric  power  (i.e.,  power  failure)  and  backup  power 
(typically  due  to  overload),  if  available. 

Extensive  Damage  (DS4) 

Extensive  damage,  DS4  is  defined  by  severe  damage  to  the  communication  facility 
building  resulting  in  limited  access  to  facility,  or  by  many  digital  switching  boards  being 
dislodged,  resulting  in  malfunction. 

Complete  Damage  (DS5) 

Complete  damage,  DS5  is  defined  by  complete  damage  to  the  communication  facility 
building,  or  damage  beyond  repair  to  digital  switching  boards. 
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Part  II 


5.  Casualties 

In  the  loss  assessment  methodology  there  are  four  categories  for  casualties,  from  Level  I 
to  IV,  depending  on  the  injury  classification  scale. 


5.1.  Injury  Severity  Level  I 

Injuries  requiring  basic  medical  aid  that  could  be  administered  by  paraprofessionals; 
these  types  of  injuries  would  require  bandages  or  observation.  Some  examples  are:  a 
sprain,  a  severe  cut  requiring  stitches,  a  minor  burn  (first  degree  or  second  degree  on  a 
small  part  of  the  body),  or  a  bump  on  the  head  without  loss  of  consciousness.  Injuries  of 
lesser  severity  that  could  be  self  treated  are  not  estimated  by  HAZUS-MH  MR2. 


5.2.  Injury  Severity  Level  II 

Injuries  requiring  a  greater  degree  of  medical  care  and  use  of  medical  technology,  such  as 
x-rays  or  surgery,  but  not  expected  to  progress  to  a  life  threatening  status.  Some  examples 
are  third  degree  burns  or  second  degree  bums  over  large  parts  of  the  body,  a  bump  on  the 
head  that  causes  loss  of  consciousness,  fractured  bone,  dehydration  or  exposure. 


5.3.  Injury  Severity  Level  III 

Injuries  that  pose  an  immediate  life  threatening  condition  if  not  treated  adequately  and 
expeditiously.  Some  examples  are:  uncontrolled  bleeding,  punctured  organ,  other  internal 
injuries,  spinal  column  injuries,  or  crush  syndrome. 


5.4.  Injury  Severity  Level  IV 

Instantaneously  killed  or  mortally  injured 
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Conclusion 


This  terminology  guide  contains  definitions  for  the  loss  assessment  analysis  reports  made 
by  the  Mid-America  Earthquake  Center  for  the  FEMA  Catastrophic  Event  Planning 
project.  The  main  objective  of  this  document  is  to  help  planners  to  understand 
engineering  terms  contained  in  the  reports.  In  order  to  improve  this  document,  comments 
and  suggestions  from  users  are  very  important  to  be  considered  in  future  versions. 
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Appendix  VIII:  Damage  and  Loss  Maps 


This  appendix  includes  maps  of  direct  damage  and  functionality  loss  to  infrastructure  as  well  as 
demographic  data,  induced  damage,  and  social  impacts.  These  maps  are  designed  to  support  the 
scenario  report  provided  to  each  state  in  the  New  Madrid  Seismic  Zone.  A  total  of  ten  scenarios 
are  represented  in  this  appendix  and  are  listed  below: 

1 .  New  Madrid  Seismic  Zone  Mw7.7  Event  for  the  State  of  Alabama 

2.  East  Tennessee  Seismic  Zone  Mw5.9  Event  for  the  State  of  Alabama 

3.  New  Madrid  Seismic  Zone  Mw7.7  Event  for  the  State  of  Arkansas 

4.  New  Madrid  Seismic  Zone  Mw7.7  Event  for  the  State  of  Illinois 

5.  New  Madrid  Seismic  Zone  Mw7.7  Event  for  the  State  of  Indiana 

6.  Wabash  Valley  Seismic  Zone  Mw7. 1  Event  for  the  State  of  Indiana 

7.  New  Madrid  Seismic  Zone  Mw7.7  Event  for  the  State  of  Kentucky 

8.  New  Madrid  Seismic  Zone  Mw7.7  Event  for  the  State  of  Mississippi 

9.  New  Madrid  Seismic  Zone  Mw7.7  Event  for  the  State  of  Missouri 

10.  New  Madrid  Seismic  Zone  Mw7.7  Event  for  the  State  of  Tennessee 

For  more  infonnation  on  the  scenarios  employed,  including  hazard,  inventory,  and  fragility 
components,  please  refer  to  the  appropriate  appendices.  Additionally,  a  discussion  of  detailed 
results  for  each  scenario  represented  in  this  appendix  can  be  found  in  Appendix  V. 

Each  scenario  represented  here  has  more  than  30  maps  showing  impacts  to  various  types  of 
infrastructure  and  population  groups.  Though  not  all  scenarios  will  have  every  map  listed  below, 
each  scenario  will  contain  a  majority  of  the  following  types  of  damage  and  loss  maps: 

•  Airport  Damage 

•  Airport  Functionality  at  Day  1 

•  Worst-Case  Casualties1 

•  Communication  Facility  Damage 

•  Dam  Inventory  with  Modified  Mercalli  Intensity 

•  Total  Debris  Generated 

•  Displaced  Population 

•  Electric  Power  Facility  Damage 

•  Emergency  Operation  Center  (EOC)  Damage 

•  Emergency  Operation  Center  Functionality  at  Day  1 

•  Ferry  Facility  Damage 

•  Fire  Station  Damage 

•  Fire  Station  Functionality  at  Day  1 

•  Hazardous  Materials  Facility  Inventory  with  Modified  Mercalli  Intensity 

•  Highway  Bridge  Functionality  at  Day  1 

•  Highway  Bridge  &  Segment  Damage 
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This  indicates  the  time  of  day  where  the  greatest  number  of  casualties  occur 
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•  Hospital  Damage 

•  Hospital  Functionality  at  Day  1 

•  Liquefaction  Susceptibility 

•  Modified  Mercalli  Intensity 

•  Natural  Gas  Facility  Damage  with  Major  Transmission  Pipelines 

•  Oil  Facility  Damage  with  Major  Transmission  Pipelines 

•  Peak  Ground  Acceleration  (PGA) 

•  Police  Station  Damage 

•  Police  Station  Functionality  at  Day  1 

•  Total  Population 

•  Port  Facility  Damage 

•  Potable  Water  Facility  &  Local  Distribution  Network  Damage 

•  Prison  Inventory  with  Modified  Mercalli  Intensity 

•  Railway  Bridge  &  Segment  Damage 

•  Railway  Bridge  Functionality  at  Day  1 

•  School  Damage 

•  School  Functionality  at  Day  1 

•  Waste  Water  Facility  &  Local  Distribution  Network  Damage 

All  infrastructure  damage  maps  represent  the  likelihood  of  damage  for  facilities  in  the  at  least 
moderate  damage  state.  The  definition  of  this  damage  state  varies  with  the  type  of  facility,  and 
descriptions  of  these  damage  states  can  be  found  in  Appendix  VII.  For  additional  infonnation  on 
these  damage  states,  please  refer  to  the  HAZUS-MH  MR2  Technical  Manual.  All  infrastructure 
functionalities  are  displayed  for  the  day  after  the  earthquake,  termed  Day  1.  Estimates  of 
infrastructure  functionality  are  available  for  various  intervals  after  the  event  including  Days  3,  7, 
14,  30,  and  90,  though  they  are  not  illustrated  in  this  report.  The  greatest  number  of  facilities  will 
be  non-operational  immediately  after  the  earthquake,  thus  Day  1  functionality  represents  the 
greatest  number  of  non-functioning  facilities  and  the  greatest  reduction  in  services  to  affected 
populations.  Finally,  all  maps  include  a  table  quantifying  impacts  to  a  set  of  critical  counties  in 
the  state  shown.  These  counties  are  closest  to  the  source  of  seismic  activity  and  are  likely  to 
experience  the  most  significant  impacts. 
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Airport  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Worst  Case  Casualties  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Communication  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


County 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Damage 

Complete 

Damage 

Colbert 

315 

0 

0 

CU 1  man 

272 

0 

0 

Fayette 

52 

0 

0 

Franklin 

1D7 

0 

0 

Lamar 

50 

0 

0 

Lauderdale 

217 

0 

0 

Lawrence 

107 

0 

0 

Limestone 

134 

0 

0 

M  an  on 

131 

0 

0 

Morgan 

442 

0 

0 

Walker 

245 

0 

0 

Winston 

35 

0 

0 

Legend 

Communication  Facility  Damage 
At  Least  Metier  nlte 
o  Hi gHy Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
O  Hi  gNy  Likely 
■- J'  Certain 
D Critical  Counties 

—  Rivers 

—  US  Routes 
«=s  Inter  states 
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75 
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Critical  ooutle*  are  tlcse  tl at  eacpe Me k ce  tit  gieatst 
pioPd) lit-  or  reaoklig  tie  -E-p^ chV-i  damage  itit  For 
clem  ltl:.i  i  or  can  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  please  com  it  tie  attached  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Dams  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


County 

No.  of 

Facilities 

C  ol  bert 

a 

Cullman 

23 

Fayette 

14 

Franklin 

14 

Lamar 

13 

Lauderdale 

4 

Lawrence 

12 

Limestone 

12 

Marion 

13 

Morgan 

2 

Walker 

15 

Winston 

11 

Legend 

*  Darns 

MM  I 

<  vi 

—  vi 

^3 Critical  Counties 
Rivers 

—  US  Routes 
Interstates 
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50 


75 


Miles 


Wi  i  (I  -  A  me  ric  a  Ea  rth  qu  ake  C  s  nf  er 

Ui  he  rt  It,-  or  llllio  k.  -at  U  iImi  a-C  lam  pa  tj  t ,  llllio  t .  US* 
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Critical  contle*  ar*  tics*  tl  at  expe  rle  i  ce  tl*  gieatst 
pnoO*ll^  or  neacllig  tl*  *pe  elded  damage  itit.  For 
cfeTli  Ittoi  i  ot'CcfTi  pi*  t'  a  id  'A  t  Lea&t  Mode  rat-'  dam  age 
itrtei  pleate  coi  ?  i  it  H  *  attack  *d  docim  *  i  t’G  U  ID  E 
FO  f  impact  ass  Essr.i  El  IT  terminology: 
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Displaced  Population  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


CoillllV 

Displaced 

Resitlences 

Displaced 

PopiJation 

Gollieit 

2 

5 

Cullman 

0 

0 

Fayette 

0 

0 

Franklin 

0 

1 

Lamar 

1 

1 

Lauderdale 

5 

13 

Lawrence 

0 

0 

Limestone 

0 

0 

billion 

1 

2 

Moujan 

0 

0 

Walker 

0 

0 

Winston 

1 

1 

Legend 

Displace*!  Population 

o  - 1 
1  -  2 

M  3 . 5 
™  5>  13 
Major  Cities 

*  3D  ,000  -  75,000 

•  75,001  -175,000 

#  175,001  -  265,000 
C3 Critical  Counties 

—  Rivers 

—  US  Routes 
<^=Hntersiates 

0  12.5  25  50  75  lr. 
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Critical  contles  ar*  tics*  tl  at  expe  rle  i  ce  tl*  greatest 
pnoC*lt^  or  reacllig  tl*  *pe  elded  damage  Jtrte.  For 
d*m  Itfci  i  of  Com  pie  V  a  id  'A  t  Lea&t  Male  rat-'  dam  age 
itrtei  please  cot  ?  t  it  H  *  attack  *d  doom  *  t t’G  U  ID  E 
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Electric  Power  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


Wi  i  d  -  A  me  ric  a  Ea  rlh  qu  ake^e  nt  er 
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Critical  ooiitfe*  are  ttcwe  tl  at  eipe  rle  1  ce  tie  gieatst 
pnob^llV  or  reading  tie  *pe  elded  damage  itit  F01 
clem  Ittoi  i  ot'Cam  pie  t ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (12) 


County 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Damage 

Com  pi  ete 
Damage 

Colbert 

7 

0 

0 

Cut  lm  an 

6 

0 

0 

Fayette 

11 

D 

0 

Frankl  in 

4 

0 

D 

Lamar 

4 

D 

0 

Lauderdale 

1 

0 

0 

Lawrence 

8 

D 

D 

Limestone 

9 

0 

0 

Marion 

5 

0 

0 

M orga  n 

9 

0 

0 

V'/al  kef 

30 

0 

0 

Vvl  nston 

4 

0 

0 

Legend 

Electric  Powei  Facility  Damage 
At  Least  Moderate 
o  Hi gH y Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
O  HigNy Likely 
'U'  Certain 

—  T lanstn  i ss  on  Li  nes 
^□Critical  Counties 

—  Ri  vers 

■ —  US  Routes 
^interstates 
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Emergency  Operation  Center  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


Wi  i  d  -  A  me  ric  a  Ea  rlh  qu  ake^e  nt  er 
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Critical  contfe*  are  ttcwe  tl  at  eipe  rle  1  ce  tie  gieatst 
pnoO*ll^  or  reading  tie  *pe  elded  damage  itit  F01 
clem  Ittoi  i  ot'Cam  pie  t ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (12) 


County 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Dam  age 

Complete 

Damage 

Cull  man 

1 

[i 

D 

Fayette 

1 

D 

D 

Vv'al  ker 

1 

D 

D 

Colbert 

0 

D 

LI 

Fra  nkl  i  n 

0 

Li 

[i 

Lamar 

0 

[i 

0 

Lauderdale 

D 

D 

Li 

Lawrence 

D 

D 

0 

Limestone 

D 

D 

U 

Marion 

D 

D 

D 

Morgan 

D 

D 

U 

Winston 

D 

D 

D 

Legend 

Emergency  Operation  Centeis 

At  Least  Model  *lte  Dunnage 

o  Highly  Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
#  Highly  Likely 
O  Certain 
^□Critical  Counties 
Ri  vers 

■ —  US  Routes 
^interstates 
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EOC  Functionality  - 

New  Madrid  Seismic  Zone:  l\ 

17.7  Event  March  2008 

Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 
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State  of  Alabama 
Critical  Counties  (12) 


County 

Mo.  of 

Functional 

Facilities 

Total 

Mo.  of 

Facilities 

Cullman 

1 

1 

F  ayette 

1 

1 

Walker 

1 

1 

Colbert 

0 

0 

Franklin 

0 

0 

Lamai 

0 

0 

Lauderdale 

0 

0 

Lawrence 

0 

0 

Limestone 

0 

0 

Marion 

0 

0 

Morgan 

0 

0 

Winston 

0 

0 

Legend 


Emergency  Operation  Centers 

Functionality  at  Day  1 

O  Not  F  unction  a  I 
o  Fundi  onal 
a  Critical  Counties 
Rivers 

—  US  Routes 
Inter  states 


Critical  ooutle*  are  tlcse  tl  at  eipe  Me  i  ce  tie  gieatest 
pnoO*IIV  or  neacllig  tie  *  pec  (Tied  damage  itit  For 
clem  ttl:.i  i  or  Com  pie  t  ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FO  F  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Ferry  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (12) 


Court  y 


T otdl  No .  At  Lea  st 

of  Moderate  Complete 
Facilities  Damage  Damage 


Colbert 

2D 

D 

D 

Cull  tma  n 

53 

0 

D 

Fayette 

13 

D 

D 

Franklin 

14 

D 

D 

Lamar 

ID 

Li 

D 

Lauderdale 

23 

0 

D 

Lawrence 

1  1 

D 

D 

Limestone 

2D 

D 

D 

Marion 

12 

0 

0 

Morgan 

34 

D 

D 

Wat  ker 

2D 

D 

0 

Wi  reton 

14 

D 

D 

Legend 

Feny  Facility  Damage 

A*  Least  Matter  ;ite 

o  Hi gliy Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
O  Hi  ally  Likely 
L  j  Certain 
^3Cr1tlcal  Counties 
Ri  vers 

■ — *  US  Routes 
«=s  I  liter  states 


0  12.5  25 


50 


75 


Miles 


Critical  coutle*  are  tlcse  tl  at  eacpe  rfe  t  ce  tie  gieatst 
praoaillV  ci f  leading  tie  *  pec  ffled  damage  itit  For 
defli  Woe  i  of  Can  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itatei  pleate  com  It  lie  attacled  docime  ifGUIDE 
FI1  F  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Fire  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


Court  y 


T otal  No .  At  Lea  st 

of  Moderate  Complete 
Facilities  Damage  Damage 


Colbert 

2D 

D 

D 

Cull  ma  n 

53 

D 

D 

Fayette 

13 

D 

D 

Franklin 

14 

0 

D 

Lamar 

ID 

D 

D 

Lauderdale 

23 

D 

D 

Lawrence 

1  1 

D 

D 

Limestone 

2D 

D 

D 

Marion 

12 

D 

D 

Morgan 

34 

D 

D 

Wal  ker 

26 

D 

D 

Wi  ns  ton 

14 

D 

D 

Legend 


Fire  Station  Damage 
A*  Least  Motlei  ite 
o  Hi gHy Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
O  Higrty Likely 
■- J'  Certain 
D Critical  Counties 
Ri  vers 

■ — *  US  Routes 
«=s  Inter  states 


Critical  coutle*  are  tlcKe  tl  at  eacpe  Me  i  ce  tit  gieatst 
pnoOdtIIV  o r  reaoklig  tie  -E-p^ ohV-i  damage  -E-tit  Foi 
detli  Woi  i  of  Com  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  please  com  it  tie  attached  decline  ifGLIIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Fire  Station  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 200s 
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Critical  ooiitle*  are  Hcse  tl  at  eipe  rle  t  ce  tie  gieatst 
pnob^ll^  or  reacting  tie  jpeeffled  damage  itit  Foi 
clem  Itfci  i  oTCam  pie  t  ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  please  com  it  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (12) 


County 

No.  of 
Functional 
Facilities 

Total 
No.  of 
Facilities 

Colbert 

20 

20 

Cullman 

53 

53 

Fayette 

13 

13 

Franklin 

14 

14 

Lana 

10 

10 

Lauderdale 

23 

23 

Lawrence 

11 

11 

Limestone 

20 

20 

Marion 

12 

12 

Morgan 

34 

34 

Walker 

26 

26 

Winston 

14 

14 

Legend 

Fire  Station  Functionality 

Dny  I 

O  Not  F  u  notion  a  I 
o  Functional 
C2 Critical  Counties 
Rivers 

—  US  Routes 
Interstates 
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Miles 
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Hazardous  Materials  Facilities  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Alabama 
Critical  Counties  (12) 


County 

No.  of 

Facilities 

Colbert 

127 

Cullman 

77 

Fayette 

16 

Franklin 

22 

Lamar 

15 

Lauderdale 

26 

Lawrence 

23 

Limestone 

47 

Marion 

54 

Morgan 

193 

Walker 

32 

Winston 

47 

Legend 

*  Ha  za  rd o  u s  M ate r fats  F  a c i lifts s 
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<  vi 

H  vi 

^3 Critical  Counties 

—  Rivers 

—  US  Routes 
^^Interstates 
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Critical  ooiitle*  are  Hcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
pioU^) lit-  ci T  reacting  tie  *  pec  (Tied  damage  itit  For 
deTli  ltl:.i  i  cit'CctTi  pie  t  ’  a  id  'A  t  Leait  r.lcde  rat-'  dam  age 
itrtei  please  com  it  He  attacked  docime  ifGUIDE 
FO  F  IMPACT  ACS  EC  CM  El  IT  TERMINOLOGY.- 
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Highway  Bridge  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 
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State  of  Alabama 
Critical  Counties  (12) 


Count v 

No.  of 
Functional 
Facilities 

Total 

No.  of 
Facilities 

Colfoeit 

131 

131 

Cullman 

230 

230 

Fayette 

162 

162 

Franklin 

182 

182 

Lamar 

172 

172 

Lauderdale 

227 

227 

Laurence 

211 

211 

Limestone 

299 

299 

Marion 

232 

232 

Morgan 

239 

239 

Walker 

196 

196 

Wnston 

85 

85 

Legend 


Highway  Budge  Functionality 
[My  I 
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o  Functional 
C3  Critical  Counties 
Rivers 

—  US  Routes 
Inter  states 
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Critical  contie*  are  tide  tl  at  expe  rle  i  ce  tl*  grated 
pnoO*ll^  or  readily  tie  *pe  elded  damage  itit.  Foi 
detli  ltl:.i  i  ot'CcfTi  pie  t '  a  id  'A  t  Lead  r.lcde  rat-'  dam  age 
itrtei  pleate  coi  ?  i  it  ti  e  attack  ed  docim  e  i  t’G  U  ID  E 
FO  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Highway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Alabama 
Critical  Counties  (12) 


Couriy 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Damage 

Comp)  ete 
Damage 

Colbert 

131 

0 

0 

Cull  man 

230 

0 

0 

Fayette 

102 

0 

0 

Frankli  n 

132 

0 

0 

Lamar 

172 

0 

0 

Lauderdale 

227 

0 

0 

Lawrence 

211 

0 

0 

Limestone 

299 

0 

0 

Marion 

232 

0 

0 

Morgan 

239 

0 

0 

Wat  ker 

196 

0 

0 

Wi  re ten 

35 

0 

0 

Legend 

Highway  Bridge  [riinmge 

At  Least  Morier  ate 

*  Highly  Unlikely 

*  Unlikely 

*  Moderate  Ukelihiood 

*  Highly  Likely 

*  Certain 

Highway  Segment  Damage 
At  Least  Moder  ate 
Highly  Unlikely 
^3Critlcal  Counties 
—  Rivers 
■ — *  US  Routes 
<=slriterstates 
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pnoO*ll^  or  reacklig  tie  ■E-p-H- ctTV-i  damage  E-tit.  For 
clem  ltl:.i  i  ot'Cam  pie  V  a  id  'A  t  Lea&t  Male  rat-'  dam  age 
itrtee-  pleate  coi  ?  i  it  U  e  attack  ed  docim  e  i  t’G  U  ID  E 
EOF  IMPACT  ACS  EC  CM  El  IT  TERMINOLOGY.- 
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Wi  i  d  -  A  me  lie  a  Ea  rlh  qu  ake^e  nt  er 
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Am  r  S.  E  lias  la  [  P  id*  ct  P  lit  c(>al  live  &ttpt-  r 
TlenesaJe1t-&oi.P rlic(aal  li ueitlgatu 


Critical  coutfe*  are  tics*  tl  at  eipe  rle  t  ce  tie  g  is  latest 
pnob^ll^  or  neacllig  tie  *pe  elded  damage  Jtite  Foi 
clem  Ittoi  i  of  Con  pie  %'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


Hospital  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (12) 


Cqurity 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Damage 

Complete 

Damage 

Colbert 

2 

0 

0 

Cut  Im  an 

2 

D 

D 

Fayette 

1 

D 

D 

Franklin 

2 

D 

D 

Lauderdale 

1 

0 

0 

Lawrence 

1 

D 

D 

Limestone 

1 

0 

0 

Marion 

2 

D 

D 

M  orga  n 

5 

D 

D 

Wal  ker 

1 

D 

D 

V'.'i  nston 

1 

D 

D 

Lamar 

D 

D 

D 

Legend 

Hospital  Damage 
At  Least  Moderate 
o  Highly  Unlikely 
O  Unlikely 

O'  Moderate  Ukelihood 
O  Highly  Likely 
’’-J'  Certain 
^□Critical  Counties 
Rivers 

—  US  Routes 
^=lnterstates 
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Hospital  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


County 

Ho.  of 

Functional 

Facilities 

Total 

No.  of 
Facilities 

Colbert 

2 

2 

Cullnian 

2 

2 

Fayette 

1 

1 

Franklin 

2 

2 

Laud  er  dale 

1 

1 

Lawrence 

1 

1 

Limestone 

1 

1 

Marion 

2 

2 

Morgan 

5 

5 

Walkei 

1 

1 

VUnston 

1 

1 

Lamar 

0 

0 

Legend 

Hospital  Functionality 

Day  1 

Q  Wot  F  unctional 
o  Fundi  anal 
13 Critical  Counties 
Rivers 

—  US  Routes 
^=lnterstates 


Critical  ooutle*  are  tlcse  tl  at  eaepe  Me  i  ce  tit  gieatst 
protaillV  or  neacllig  tie  -E-p^ cMV-i  damage  itit  For 
clem  ltl:.i  i  oTCom  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FO  F  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Liquefaction  Susceptibility  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


Wl  i  cl  -  A  me  rica_Ea  rth  qu  ak^Ce  nt  er 

lii  be  rt  It,-  or  llllto  I;  at  U  ilvit  &C-  lam  pa  tj  t .  Illlt-:- 1 .  USA 
Am  i  0.  E  lia?  la  [  P  iqe  et  P  lit  opal  hue  ifltpt- 1 
Tleie?a  Jett-  e-oi,  Pi lic^al  It ueitlgatir 


Court  y 

IVf  rl  mu  m 
Susceptibility 

Mad  rru  m 
Suscepti  bljty 

Colbert 

Urk  flown 

U  nk  nown 

Cullman 

Link  ncurun 

U  rk  nornn 

Fayette 

Urk  ndwn 

IJ  rk  nown 

Fran  hi  in 

IJrk  nouvn 

U  rk  nown 

Lamar 

Urk  nown 

U  rk  mown 

Lauderdale 

Urk  ncuxin 

None 

Lav-, fence 

Urk  nown 

U  rk  no  An 

Li  rrest  cne 

Unk  no  air 

IJ  rk  nown 

Mari  cn 

Unk  no  run 

U  rk  mown 

Morgan 

Upk  no ati 

IJ  rk  nown 

Wal  ker 

Urk  no ati 

U  rk  ndwn 

Wi  nston 

Unk  nown 

U  rk  noAin 

State  of  Alabama 
Critical  Counties  (12) 


Legend 


Liquefaction  Susceptibility 

Unknown 

None 

Major  Cities 

*  311,000  -  75,000 

•  75,001  -175,000 

#  175,001  -  265,000 
CT Critical  Counties 

—  Rivers 

—  US  Routes 
interstates 


2.5 


10 


Miles 


15  Jk 


Critical  contfe*  are  tloje  tl at  expe Me i ce  tit  gieatest 
pnoCdJll^  or  neacllig  tie  ipecffled  damage  itit  Foi 
defli  Ittoi  i  orcam  pie  t'  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacled  docime  ifGUIDE 
FI'  R  IMPACT  ASS  BOM  ENT  TERMINOLOGY.- 
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Modified  Mercalli  Intensity  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Alabama 
Critical  Counties  (12) 


County 

Max.  MMI 

Colbert 

Vi 

Cullman 

<  VI 

Fayette 

VI 

Franklin 

VI 

Lam  ar 

VI 

Lauderdale 

VI 

Lawrence 

<  VI 

Limestone 

<  VI 

Ma  rion 

VI 

Morgan 

<  VI 

Walker 

<  VI 

Winston 

<  VI 

Legend 

Modified  Mercalli  Intensity 

(TvTvl) 

<  vi 

Major  Cities 

*  33,000  -  75,000 

•  75,001  -175,000 

#  175,001  -  265,000 
^3 Critical  Counties 

—  Rivers 

—  US  Routes 
<^=Hntersiates 

0  12.5  25  50  75  u. 

—  — 

Miles 


Critical  contfe*  are  tlcse  tl  at  eipe  rle  i  ce  tie  gieatst 
pnoO^II^  ci T  reacllig  tie  *  pec  tried  damage  Jtrt  For 
deTli  ltl:.i  i  cit'CctTi  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FO  F  IMPACT  ACS  EC  CM  El  IT  TERMINOLOGY.- 
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Natural  Gas  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (12) 


County 

Total  No. 
of 

Facilities 

At  Least 

Moderate 

Damage 

Complete 

Damage 

Colbert 

25 

0 

0 

Cullman 

1 

D 

D 

Fayett  e 

3 

D 

D 

Frarlrtin 

2 

0 

0 

Lamar 

1 

D 

D 

Lauderdale 

1 

D 

D 

Lawrence 

6 

D 

D 

Li  rnestone 

ID 

D 

D 

M  arion 

2 

D 

D 

M  organ 

4 

D 

D 

Wal  ker 

5 

D 

D 

Wi  ret  on 

D 

0 

P 

Legend 

Nnituml  Gas  Facility  Damage 
At  Least  Motlef 
*  Highly  Unlikely 
O'  Unlikely 

O  Moderate  Ukelihood 
O  Highly  Likely 
©  Certain 

—  T ransm  i  sa  on  Li  nes 
CT  Critical  Counties 

—  Rivers 

—  US  Routes 
Interstates 


Critical  coutle*  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
pnob^ll^  ci t  neacllig  tie  *  pec  (fled  damage  itit  For 
defli  ltl:.i  i  of  Cam  pie  t’  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacled  docime  ifGUIDE 
FI1  F  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Oil  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


Wi  i  d  -  A  me  ric  a  Ea  rth  qu  ak®  C  s  nt  er 

Ut  be  n  It,-  or  llllto  k.  -Fit  U  rbai  a-C  lam  pa  tj  t ,  llllio  t .  US* 

Am  r  0.  E  lias  la  [  P  io|e  ct  P  lit  c(>al  live  r 
Tl  e  ne  ?a  Je  ft-  &o  i .  P rlic^al  li ueitlgatu 


Critical  contfe*  are  ttcwe  tl  at  eipe  rle  t  ce  tie  gieatst 
pnot*ll^  or  reaoklig  tie  *pe  elded  damage  itit  Foi 
clem  Ittoi  i  of  Com  pie  t  ’  a  id  'A  t  Least  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (12) 


Court  y 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Damage 

Compl  ete 
Damage 

Colbert 

2 

0 

0 

Morgan 

1 

D 

D 

Wal  ker 

2 

LI 

LI 

Cull  rna  n 

D 

Ci 

Ci 

Fayette 

D 

Ci 

D 

Frankli  n 

D 

D 

D 

Lamar 

Li 

Li 

Li 

Lauderdale 

D 

D 

D 

Lawrence 

0 

0 

LI 

Limestone 

D 

Ci 

Ci 

Marion 

0 

LI 

LI 

Vvl  re  ton 

0 

0 

0 

Legend 

Oil  Facility  Damage 
At  Leiist  Model 
o  Highly  Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
O  Highly  Likely 
O  Certain 

- — -  T ransm  i  ssi  on  Li  nes 
G3  Critical  Counties 

—  Rivers 

—  IJS  Routes 
interstates 

0  12.5  25  50  75  lr. 

Miles 


995 


JACKS:! 

ville/ 


-i\  Decatufei 

L  AV?R^I[h[ 


Rsagu 


'gflf&Tttl 


DverftlflLLMtE 


f‘IGKEH‘> 


HALE 


PE  PPY 


PALLAS 


JWttQE 


Mo  urge 


iS£CUL6 


GEHFVA 


LPWUI 


Peak  Ground  Acceleration  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Alabama 
Critical  Counties  (12) 


County 

Ivin.  PGA 

Mix.  PGA 

Colbert 

0.07 

0.15 

Cullman 

0  07 

0.07 

Fayette 

0.07 

0.15 

Franklin 

0.07 

0.15 

Lamar 

0.07 

0.15 

Lauderdale 

0.07 

0.15 

Lawrence 

0.07 

0.07 

Umestone 

0.07 

0.07 

Ivluion 

0.07 

0.15 

Moi  gan 

0.07 

0.07 

Walker 

0.07 

0.07 

Winston 

0.07 

0.07 

Legend 

PGA  (g) 

0.05  -  0.07 
0.07-0.1 
■  0.1  -0.15 

Major  Cities 

*  50,000  -  75,000 

•  75,001  -175,000 

#  175,001  -  265,000 
^3 Critical  Counties 

Rivers 

—  US  Routes 
Interstates 


Critical  coutle*  are  Hose  tl at  eipe rle i ce  tie  gieatst 
pnofc*IIV  ci T  reacting  tie  *  pec  tried  damage  Jtrt  For 
deTli  ltl:.i  i  cit'CctTi  pie  t’  a  id  'A  t  Leait  Mode  rat-'  darn  age 
itrtei  pleate  com  it  He  attached  docime  ifGUIDE 
FI1  F  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Police  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


Wi  i  d  -  A  me  ric  a  Ea  rlh  qu  ak#  C  s  nt  er 

Ut  be  n  It,-  or  llllio  k.  -Fit  U  faai  a-C  lam  pa  tj  1 ,  llllio  t .  US.*. 

Am  r  0.  E  lias  la  [  P  ide  ct  P  lit  c(>al  live  r 
Tl  e  ne  ?a  Je  IS-  &o  1 .  P rlic^al  li ueitlgatu 


Critical  ooiitfe*  are  ttcwe  tl  at  eipe  rle  1  ce  tie  gieatst 
pnoO*ll^  or  leacllig  tie  *pe elded  damage  itit  F01 
clem  Ittoi  i  ot'Cam  pie  t ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (12) 


Sbunty 

Total  No. 

of 

Facilities 

At  Least 
Moderate 
Damage 

Comp!  ete 
Damage 

Colbert 

9 

D 

D 

Cull  man 

5 

D 

D 

Fayette 

3 

D 

D 

Frankl  i  n 

5 

D 

0 

Lamar 

5 

0 

0 

Lauderdale 

9 

0 

0 

Lawrence 

6 

D 

D 

Limestone 

5 

D 

Li 

Marion 

S 

D 

D 

Morgan 

9 

D 

D 

Wal  ker 

9 

D 

0 

Winston 

5 

0 

D 

Legend 

Police  Station  Damage 
At  Least  Model  ,*e 
o  Highly  Unlikely 
0'  Unlikely 

O'  Moderate  Likelihood 
O  Highly  Likely 
O  Certain 
^□Critical  Counties 

—  Rivers 

—  US  Routes 
interstates 
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Police  Station  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


County 

No.  of 
Functional 
Facilities 

Total 

No.  of 
Facilities 

Colbert 

9 

9 

Cullman 

5 

5 

Fiiyette 

3 

3 

Franklin 

5 

5 

Lamar 

5 

5 

Lauderdale 

9 

9 

Lawrence 

6 

6 

Limestone 

5 

5 

Marion 

8 

8 

Morgan 

9 

9 

striker 

9 

9 

VUnston 

5 

5 

Legend 


Police  Station  Functionality 

Day  I 

•  Not  F  unctional 
o  Functional 
£Z3 Critical  Counties 
Rivers 

—  US  Routes 
Inter  states 


Critical  ooutle*  are  Hose  tl  at  eipe  Me  i  ce  tie  gieatst 
pnooa^ll^  or  reaoklig  tie  *  pec  tried  damage  itit  For 
defli  Itfei  i  of  Com  pie  t  ’  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  please  com  it  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  “SO  ESSr.l  El  IT  TERMINOLOGY.- 
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Port  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (12) 


County 

Total  No. 
of 

Facilities 

At  Least 

M  cderate 
Damage 

Com  pi|  ete 
Damage 

Colbert 

8 

0 

0 

Lauderdale 

ID 

D 

D 

Lawrence 

1 

Q 

Q 

Limestone 

3 

0 

0 

Morgan 

15 

D 

D 

Walker 

3 

D 

D 

Cd  Irrian 

D 

D 

D 

Fayette 

D 

D 

D 

Franklin 

D 

D 

D 

Lamar 

D 

D 

D 

M  ari  cn 

D 

D 

D 

Winston 

D 

D 

a 

Legend 

Port  Facility  Danuifje 

At  L  e  ast  M  od  e  rat  e 

o  Hi ghly Unlikely 
O'  Unlikely 

O'  Moderate  Ukelihood 
O  HigHy  Likely 
Certain 

EH  Critical  Counties 
Rivers 

—  US  Routes 
Interstates 


0  12.5  25 


50 


75 


Miles 


Critical  Goutle*  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
praO^IIV  ci t  neacllig  tie  *  pec  (Tied  damage  itit  Foi 
deTli  ltl:.i  i  of  Cam  pie  t’  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  attached  decline  ifGUIDE 
POP  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Potable  Water  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  200s 


State  of  Alabama 
Critical  Counties  (12) 


County 

Total  No. 
of 

Facilities 

At  Least 

Moderate 

Damage 

Complet  e 
Dam  age 

Colbert 

2 

0 

P 

Cull  man 

1 

P 

P 

Fayette 

2 

P 

P 

Lawrence 

1 

P 

P 

Limestone 

1 

P 

P 

Fra  rid  i  n 

0 

P 

P 

Lamar 

0 

P 

P 

Lauderdale 

D 

P 

P 

Marion 

P 

P 

P 

Morgan 

0 

P 

P 

Wai  ker 

P 

P 

P 

Winston 

P 

P 

P 

Legend 

Potable  Water  Facility  Damage 
At  Lensl  MotleriHe 
o  Highly  Unlikely 
O  Unlikely 

O'  Moderate  likelihood 
O  Highly  Likely 
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Potable  Water  Distiibution  Lines 
No.  of  Leahs 
0-1 
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Prisons  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (12) 


County 

No.  of 

Facilities 

Colbert 

2 

Cullman 

4 

Fayette 

1 

Franklin 

2 

Lamar 

1 

Lauderdale 

2 

Lawrence 

1 

Limestone 

3 

Marion 

3 

Morgan 

4 

Walker 

5 

Winston 

2 

Legend 

*  Prisons 

MM  I 

<  VI 

■  VI 

CT  Critical  Counties 
Rivers 

—  US  Routes 

interstates 


Miles 
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Railway  Bridge  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


County 

No.  of 
Functional 
Facilities 

Total 

No.  of 
Facilities 

Colbert 

2 

2 

Cullman 

6 

6 

Franklin 

1 

1 

Limestone 

3 

3 

Marion 

2 

2 

Walker 

4 

4 

Winston 

2 

2 

Fayette 

d 

0 

Lamar 

O' 

0 

Land  end  ale 

0 

0 

Lawrence 

0 

0 

Morgan 

0 

0 

Legend 

Railway  Biidfje  Functionality 


Day  1 

O  Not  F  unction  a  i 
Q  Functional 
Critical  Counties 
Rivers 

—  LJS  Routes 
^=lrrterstates 


Critical  ooutle*  are  tlcse  tl  at  eipe  Me  i  ce  tie  greatest 
pnob^llV  or  reading  tie  jpecffled  damage  Jtrte  For 
clem  ltl:.i  i  or  Com  pie  %'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
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Railway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


Court  v 

Total  No. 
of 

Facilities 

At  Least 

M  oderate 
Dam  age 

Corn  pi  ete 
Damage 

Colbert 

2 

[i 

D 

Cull  ma  n 

6 

D 

0 

Franklin 

1 

D 

Ci 

Limestone 

3 

D 

0 

Marion 

2 

D 

0 

Wat  ker 

4 

D 

D 

Wi  re  ton 

2 

Ci 

D 

Fayette 

D 

D 

D 

Lamar 

D 

Ci 

D 

Lauderdale 

Ci 

Ci 

D 

Lawrence 

D 

D 

0 

Morgan 

D 

Ci 

C! 

Legend 

Railway  Biklye  Damage 
At  Lftist  Motlet  i*e 
o  HigNy  Unlikely 
O  Unlikely 

O'  Moderate  Ukelihood 
O  Highiy  Likely 
0  Certain 

Railway  Segment  Damage 
At  Legist  Motlei 

Hi  gHy  Unlikely 
G3  Critical  Counties 

—  Rivers 

—  US  Routes 
interstates 
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State  of  Alabama 
Critical  Counties  (12) 


County 

Total  No.  At  Lead 
of  Moderde 

Facilities  Damage 

Col  bert 

26 

0 

Cul  1  man 

37 

0 

Fayette 

7 

0 

Franklin 

13 

0 

Lamar 

7 

0 

Lauderdale 

28 

0 

Lawrence 

10 

0 

Li  mestone 

26 

0 

Mari  on 

18 

0 

Morgan 

« 

0 

Vv'eJ  ker 

33 

0 

Wi  nston 

13 

0 

Complde 

Damage 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Legend 

School  Ddmdge 

At  Lesist  Model  .te 

o  Highly  Unlikely 
O  Unlikely 

O'  Moderate  Ukelihood 
O  Highly  Likely 
O  Certain 
EH  Critical  Counties 

—  Rivers 

—  US  Routes 
Interstates 
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School  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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clem  Ittoi  i  of  Com  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  tie  attached  docime  ifGUIDE 
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State  of  Alabama 
Critical  Counties  (12) 


County 

No.  of 
Functional 
Facilities 

Total 
No.  of 
Facilities 

Colhert 

26 

26 

Cullman 

37 

37 

Fayette 

7 

7 

Franklin 

13 

13 

Lama 

7 

7 

Lom  lei  dale 

23 

28 

Lawrence 

16 

16 

Limestone 

26 

26 

Marion 

18 

18 

Morgai 

46 

46 

Walker 

33 

33 

Winston 

13 

13 

Legend 

School  Functionality 

Day  I 

O  Not  F  u  ret  ion  a  I 
o  Functional 
^□Critical  Counties 
Rivers 

—  US  Routes 
i^=lnterstafes 
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Total  Debris  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


County 

Brio  VJ 
Wood 
[T  ons) 

Concrde/ 
Sted 
( T  ons) 

T  otal 
Debri  s 
(T  ons) 

Col  bert 

6,055 

2 ,432 

8,538 

Cull  man 

£52 

155 

1,007 

Fayette 

2,610 

1,105 

3,715 

Fra-!  Id  i  n 

1,720 

580 

2,301 

L  a  mar 

2,779 

1  033 

3,817 

Lauderdale 

10,357 

4,161 

14,517 

Lawenca 

342 

54 

396 

Li  rrie  stone 

574 

93 

667 

Mari  on 

2,963 

1,163 

4,126 

Morgan 

1,140 

220 

1,359 

Wd  Per 

323 

151 

979 

Wi  nston 

2,506 

1  003 

3,509 

Legend 
Total  D oln is 
(Tons) 
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501  - 1 ,000 
"1,001  -3, COO 
"3,000  -17,100 

Major  Cities 

*  50,000  -  75,000 

•  75,001  -175,000 
+  175,001  -  265,000 

Critical  Counties 

—  Rivers 

—  IJS  Routes 

Interstates 
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Miles 
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Total  Population  (2000)  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (12) 


County 

Population 

Colbert 

54,984 

Cullman 

77,483 

Fayette 

1,8,495 

Franklin 

35,889 

Lamar 

15,904 

Lauderdale 

87,966 

Lawrence 

38,789 

Limestone 

73,771 

Marion 

31,214 

Morgan 

1 1 1 ,064 

Walker 

74,793 

Winston 

24.843 

Legend 

Total  Population 

(2000) 

0  - 1 ,500 
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Major  Cities 

*  50,000  -  75,000 

*  75,001  -175,000 

*  175,001  -  265,000 
^3 Critical  Counties 

—  Rivers 

—  IJS  Routes 

interstates 
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Miles 


Critical  contles  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieafcst 
pnob*IIV  ci r  reacllig  tie  *pe  elded  damage  itit.  Fen 
clem  Ittn  i  ot'CcfTi  pie  t '  a  id  'A  t  Lea&t  Mc«:le  rat-'  dam  age 
itrtei  pleate  ecu  ?  <  it  H  e  attack  ed  docim  e  i  t’G  U  ID  E 
FI1  F  IMPACT  ASS  ESSMEMT  TERMINOLOGY.- 
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Waste  Water  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Alabama 
Critical  Counties  (12) 


County 

Total  No, 
of 

Facilities 

At  Least 
Moderate 
Damage 

Complete 

Damage 

Col  bat 

10 

0 

0 

CuJ  l  man 

9 

0 

0 

Fay  die 

2 

0 

0 

Fran  Min 

5 

0 

0 

Lamar 

5 

0 

0 

Lauderdale 

2 

0 

0 

Lawrence 

4 

0 

0 

Li  mestone 

5 

0 

0 

Mari  on 

5 

0 

0 

Morgan 

S 

0 

0 

Wal  Per 

7 

0 

0 

Vvi  nston 

1 

0 

0 

Legend 

Waste  Water  Facility  Damage 
At  Lensl  MotlenUe 
o  Highly  Unlikely 
O  Unlikely 

O'  Moderate  Likelihood 
O  Highly  Likely 
U  Certain 

Waste  Water  Distribution  Lines 

No.  of  Leahs 
0-1 
1  -  2 

M  5  - 1 3 

^□Critical  Counties 

—  Rivers 

—  IJS  Routes 
Interstates 


Critical  contfe*  are  Hose  tl at  eacpe rle i ce  tie  greatest 
pioUcO lit-  ci T  reacllig  tie  *  pec  tried  damage  Jtrte  For 
deTH  ltl:.i  i  of  Cam  pie  %'  a  id  'A  t  Leait  Male  rat-'  dam  age 
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Airport  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (13) 


Cdu  nty 

T otal  No . 
of 

Facilities 

At  Least 
Moderate 
Damage 

Comp  lete 
Damage 

B  lount 

2 

D 

D 

Calhoun 

12 

D 

D 

Che  rokee 

5 

D 

D 

Dekalb 

7 

D 

0 

Etc  uJa  h 

4 

D 

0 

Jackson 

ID 

D 

0 

Jefferson 

24 

D 

D 

LiTe  ston  e 

4 

D 

0 

Madi  so  n 

24 

D 

D 

Marsha  II 

5 

0 

0 

Morg  an 

6 

D 

Ci 

Saint  Clair 

8 

D 

0 

Talladega 

4 

D 

D 

Legend 

Airport  Facility  Damage 
At  Least  Motlerrtte 
o  Highly  Unlikely 
O  Unlikely 

O'  Moderate  Ukeiihood 
O  Highly  Likely 
Certain 

—  Rivers 

—  US  Routes 
Interstates 

EJ Critical  Counties 


Critical  ooutle*  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
pnob^llV  ci t  reacting  tie  *  pec  tried  damage  Jtrt  Foi 
detli  ltl:.i  i  of  Com  pie  t’  a  id  'A  t  Leait  Mode  rat-'  dam  age 
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Airport  Functionality  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (13) 


County' 

No.  of 

Functional 

Facilities 

Total 

No.  of 
Facilities 

Blount 

2 

2 

Calhoun 

12 

12 

Cherokee 

5 

5 

Dekalb 

7 

7 

Etowah 

4 

4 

Jackson 

10 

10 

Jefferson 

24 

24 

Limestone 

4 

4 

Madison 

24 

24 

Marshall 

5 

5 

Morgan 

6 

6 

Saint  Clair 

8 

8 

Talladega 

4 

4 

Legend 

Aii|>oil  Functioihility 

Day  1 

O  Not  F  u  ret  ion  a  I 
o  Functional 
Rivers 

— •  US  Routes 
=a  Inter  states 

Critical  Counties 


Critical  ooutle*  are  Hose  tl  at  eipe  Me  i  ce  tie  gieatst 
pnobaillV  or  reading  tie  *  pec  tried  damage  Jtrt  For 
clem  Itfei  i  ot'Cam  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  please  com  it  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  “SO  ESSr.l  El  IT  TERMINOLOGY.- 
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Worst  Case  Casualties  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 


State  of  Alabama 
Critical  Counties  (13) 


C  o  unty 

Ho.  of 

1  nju  ries 
(tuf  nor  St 
Severe) 

No.  of 

F  ata  lilies 

Total  Ho.  of 
C  as:  u  alties 

B  loti  nt 

Ci 

0 

0 

C  a  Iho  un 

1 

0 

1 

Cherokee 

10 

0 

10 

D  ek  alb 

63 

1 

64 

Etowah 

66 

2 

68 

J  a  cks  o  n 

46 

1 

47 

Jefferson 

0 

0 

0 

Limestone 

0 

0 

0 

tula  dts  on 

1 

0 

1 

tula  rs  hal  1 

1 

0 

1 

Morgan 

0 

0 

0 

Saint  Clair 

0 

0 

0 

Talladega 

0 

0 

0 

Legend 

Worst  Case  Casualties 
(2  AMI 
0-5 
5-10 

M  10  -  20 
—  20  -  68 

Major  Cities 

*  50,000  -  75,000 

•  75,001  -175,000 
+  175,001  -  265,000 

Critical  Counties 

—  Rivers 

—  IJS  Routes 
Interstates 


Critical  coiitfe*  are  tlcse  tl  at  eipe  rle  i  ce  tie  greatest 
pnob^lt^  ci t  reacllig  tie  *  pec  tried  damage  Jtrte  For 
defli  ttl:.i  i  ot'CcfTi  pie  %'  a  id  'A  t  Leait  Mcde  rat-'  darn  age 
itrtei  pleate  com  it  He  attached  doom e  ifGU IDE 
FI1  F  IMPACT  ASSESSMENT  TERMINOLOGY.- 


Wl  i  cl  -  A  me  rica  Ea  rth  qu  akeC  e  nt  er 


Ui  r.'e  re  It,-  or  llllio  L-  at  U  rhai  a-C  lam  pa  tj  i .  Illlic- 1- .  USA 
An  r  S.  E  lias  la  [  P  ro|e  ct  P  ill  e(>al  live  iflgat- 1 
TleresaJelt  e-oi.  Pi licjjal  li uestlgatii 


61 1 


Communication  Facility  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (13) 


Ccu  nty 

Total  Ho. 
of 

Facilities 

At  Least 
Mo  derate 
Damage 

Comp  lete 
Carriage 

Blount 

161 

D 

Ci 

Calh  oun 

357 

0 

0 

Che  rokee 

S5 

13 

Ci 

Dekal  b 

266 

149 

0 

Etc  i.ua  h 

293 

D 

Ci 

Jackson 

229 

0 

0 

Jefferson 

16S1 

D 

Ci 

Lime  sto  ne 

104 

D 

0 

Mad  iso  n 

649 

D 

0 

Marshall 

255 

0 

0 

Morg  an 

442 

D 

0 

Saint  Qair 

31 U 

D 

0 

Talladega 

260 

0 

0 

Legend 

Communication  Facility  Damage 
At  Least  Motler,lte 
o  Hi gHy Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
O  Highly  Likely 
U'  Certain 
Ri  vers 

■ —  US  Routes 
^interstates 
^3  Critical  Counties 
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Dams  -  East  Tennessee  Seismic  Zone:  IVI5.9  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (13) 


County' 

No.  of 
Facilities 

Btount 

36 

Calhoun 

45 

Cherokee 

1 1 

Dekalb 

19 

Etowa  h 

26 

Jackson 

5 

Jefferson 

81 

Limestone 

12 

Madison 

13 

Marshall 

6 

M  o  rg  an 

2 

Saint  Clair 

50 

Talladega  , 

41 

Legend 

*  Dams 
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D  Critical  Counties 

—  Rivers 

—  IJS  Routes 
^^Interstates 
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Displaced  Population  -  East  Tennessee  Seismic  Zone:  M 5.9  Event  March  2008 


State  of  Alabama 
Critical  Counties  (13) 


County 

Displaced 

Residences 

Estimate  of 
Displaced 
Population 

Blount 

0 

0 

Calhoun 

0 

0 

Cherokee 

1 

4 

Dekalb 

102 

263 

Etowah 

323 

803 

Jackson 

222 

555 

Jefferson 

0 

0 

Limestone 

0 

0 

Madison 

0 

0 

Marshall 

0 

0 

Morgan 

0 

0 

Saint  Clair 

0 

0 

Talladega 

0 

0 

Legend 

Displaced  Population 

0  -  20 

M  20  -  250 

—  250  -  80.3 

Major  Cities 

*  50,000  -  75,000 

•  75,001  -175,000 

#  175,001  -  265,000 
Rivers 

—  US  Routes 
<^=Hrrterstates 
EJ  Critical  Counties 
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Electric  Power  Facility  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (13) 


C  ou  nt'/ 

Total  Ho. 
of 

F  aoilities 

At  Least 
Mo  derate 
Damage 

Complete 

Damage 

B  lount 

9 

0 

0 

C  al  hou  n 

44 

0 

0 

C  he  rck  ee 

3 

0 

0 

D  ak  a  ib 

2 

1 

0 

Etowah 

20 

0 

0 

Jadtsort 

7 

0 

0 

J  eff  e  rso  n 

190. 

0 

0 

Limes  to  ne 

9 

0 

0 

Mad  iso  n 

32 

0 

0 

Marshall 

10 

0 

0 

Morg  an 

9 

0 

0 

Saint  Clair 

17 

0 

0 

Talladega 

43: 

0 

0 

Legend 

Electric  Powei  Facility  Damage 

At  Leiist  Model  ,<e 

o  Highly  Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
O  Hi gNy Likely 
O  Certain 

—  T ranstTi  i  ssi  on  Li  nes 
Rl  vers 

—  US  Routes 
^^Interstates 
S3? Critical  Counties 


State  of  Alabama 
Critical  Counties  (13) 


County 

Total  No. 
of 

Facilities 

jftt  Least 
Moderate 
Damage 

Complete 
Darna  ge 

Cherokee 

1 

D 

D 

Bout  ah 

1 

D 

D 

Jefferson 

2 

G 

D 

Madiso  n 

1 

D 

D 

Marsha  1 

2 

D 

Li 

Talladega 

1 

D 

D 

Blou  nt 

0 

D 

D 

Calhoun 

D 

0 

D 

Dekalb 

0 

D 

D 

Jackson 

Li 

0 

D 

Limestone 

D 

D 

D 

Morgan 

0 

0 

D 

Sant  Clair 

[i 

D 

0 

Legend 

Emergency  Operation  Centers 
At  Least  Moderate  Dunnijje 
o  Hi gliy Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
O  Highly  Likely 
U'  Certain 
Ri  vers 

—  US  Routes 
^interstates 
^3  Critical  Counties 
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EOC  Functionality  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 
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State  of  Alabama 


Critical  Counties 

(13) 

No.  of 

Total 

F  unctionai 

No.  of 

County 

Facilities 

Facilities 

Cherokee 

1 

1 

Etowah 

1 

1 

Jefferson 

2 

2 

Madison 

1 

1 

Marshall 

2 

2 

Talladega 

1 

1 

Blount 

0 

0 

Calhoun 

0 

0 

Dekalb 

0 

0 

Jackson 

0 

0 

Limestone 

0 

0 

Morgan 

G 

0 

Saint  Clair 

0 

0 

Legend 


Emergency  Operation  Centers 
Functionality  M  Diiy  1 
O  Not  F  u  ret  ion  a  I 
o  Fundi  onal 

—  Rivers 

—  US  Routes 
^^Interstates 
C3 Critical  Counties 
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Ferry  Facility  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event 
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State  of  Alabama 
Critical  Counties  (13) 


C  ou  nty 

Total  No. 
of 

Facilities 

At  Least 

Moderate  Complete 
D  a  ma  ge  D  am  ag  e 

Etcwra  h 

2 

2 

2 

B  Id  u  nt 

0 

0 

0 

C  alh  o  un 

0 

0 

0 

C  herokee 

0 

0 

0 

D  4<:  a  lb 

0 

0 

0 

J  a  cks  o  n 

0 

0 

0 

Jefferson 

0 

0 

0 

Um  esto  ne 

0 

m 

0 

Ma  d  e  on 

0 

0 

0 

Ma  rs  h  a  II 

0 

0 

0 

Mo  rg  a  n 

0 

0 

0 

S  a  int  C  lai  r 

0 

0 

0 

T  alladega 

0 

0 

0 

Legend 

Feny  Facility  Damage 
At  Le,ist  Mocler  ate 
o  Hi gliy Unlikely 
O  Unlikely 

O  Moderate  Livelihood 
O  Higl-iy Likely 
U  Certain 
Ri  vers 

—  US  Routes 
^^Interstates 
^□Critical  Counties 


Fire  Station  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 
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State  of  Alabama 
Critical  Counties  (13) 


Cou  nt  y 


Total  No.  fit  Least 

of  Mo  derate  Complete 
Fa  oilrde  s  Damage  Damage 


B  lount 

22 

D 

0 

Calh  ou  n 

23 

0 

0 

Che  rokee 

13 

3 

D 

Dekalb 

29 

9 

0 

Etc  1.1.1  ah 

32 

D 

D 

Jackson 

27 

D 

0 

Jefferson 

106 

D 

D 

Limesto  ne 

2D 

0 

0 

Mad  iso  n 

46 

D 

D 

Marsha  II 

23 

D 

D 

Morg  an 

34 

D 

D 

Saint  Clair 

23 

0 

D 

Talladega 

21 

D 

D 

Legend 


Fire  Station  Damage 
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O  Unlikely 
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U'  Certain 
Ri vers 

■ — -  US  Routes 
^^Interstates 
^3  Critical  Counties 
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Fire  Station  Functionality  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (13) 


County 

No.  of 

F  unctional 
Facilities 

Total 
No.  of 
Facilities 

Blount 

22 

22 

Calhoun 

23 

23 

Cherokee 

7 

13 

Dekalb 

13 

29 

Etowah 

32 

32 

Jackson 

27 

27 

Jefferson 

1 06 

1 06 

Limestone 

20 

20 

Madison 

46 

46 

Marshall 

23 

23 

Morgan 

34 

34 

Saint  Clair 

23 

23 

Talladega 

21 

21 

Legend 

Fire  Station  Functionality 

Day  1 

O  Not  F  unctional 
o  Functional 

—  Rivers 

—  US  Routes 
^=lntet:  states 
^□Critical  Counties 
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Hazardous  Materials  Facilities  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (13) 


Cou  nty 

No.  of 
Facilities 

Blount 

17 

Calhoun 

109 

Cherokee 

10 

Dekalb 

36 

Etowah 

78 

Jackson 

88 

Jeffe  rson 

469 

Li  me  sto  n  e 

47 

Madison 

137 

Marshall 

71 

M  o  rg  an 

193 

Saint  Clair 

54 

Talladega 

78 

Legend 
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Highway  Bridge  Functionality  -East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 


State  of  Alabama 
Critical  Counties  (13) 


County 

No.  of 

F  u  fictional 
Facilities 

Total 

No.  of 
Facilities 

Blount 

178 

178 

Calhoun 

288 

288 

Cherokee 

1 59 

1  59 

Dekalb 

286 

287 

Etowah 

209 

209 

Jackson 

270 

270 

Jefferson 

958 

958 

Limestone 

299 

299 

Madison 

567 

567 

Marshall 

165 

165 

Morgan 

239 

239 

Saint  Clair 

1  63 

1  63 

Talladega 

232 

232 

Legend 

Highway  Bridge  Function ality 

Dny  1 

€>  Not  F  unit  ion  a  I 
*  Functional 
Ri  vers 

—  US  Routes 
Inter  states 
^3  Critical  Counties 
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Highway  Bridge  &  Segment  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 


State  of  Alabama 
Critical  Counties  (13) 


C  o  i j  nty 

Total  No. 

of 

Facilities 

At  Least 

Mo  de  r  ate 
D  a  ma g  e 

Complete 
D  a  ma  g  e 

B 1 ou  nt 

173 

0 

0 

C  a  Ih  o  un 

288 

0 

0 

C  herckee 

159 

0 

0 

D  ek  a  lb 

287 

1 

0 

Etoiju  ah 

209 

0 

0 

J  ackson 

270 

0 

0 

J  H-ffn  rs  o  n 

1358 

0 

0 

Limestone 

299 

0 

0 

M  a  dis  o  n 

567 

0 

0 

M  a  rs  h  a  II 

165 

0 

0 

M  o  rg  a  n 

239 

0 

0 

3  a  int  C  la  ir 

163 

0 

0 

T  alladega 

232 

0 

0 

Legend 

Highway  Budge  Damage 

At  Least  Moderate 

*  Hi gH y Unlikely 

*  Unlikely 

a  Moderate  Ukelihood 

*  Highly  Likely 

*  Certain 

Highway  Segment  Damage 

At  Least  Moderate 

Highly  Unlikely 
Ri  vers 

— -  US  Routes 
^^Interstates 
Q  Critical  Counties 

0  12.5  25  50  75  lr. 

Miles 


,  7  Mid-America  Earthquake  Center 

’-ra 

.  Ui  he  r;  It,-  or  llllio  I;  ait  U  faai  a-C  lam  pa  tj  t ,  llllio  t .  US* 

Am  r  S.  E  lias  I,  P  ra|e  ct  P  ilk  0(^1  live  stfcpt-  r 
Tl  e  ne  ?a  Je  ft-  e-o  i .  P rlio^al  It uejtfcptu 


Critical  oontle*  are  tloie  tl  at  expe  rle  i  ce  tie  gieatst 
pnot*ll^  or  reading  tie  *pe  elded  damage  itit.  For 
detli  tUok  i  ot'CcfTi  pie  t'  a  id  'A  t  Lea&t  Male  rat-'  dam  age 
itrtei  pleate  coi  s  i  it  tl  e  attack  ed  doom  e  i t’G  U  ID  E 
FO  F  IMPACT  ASS  EC  CM  El  IT  TERMINOLOGY.- 
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Hospital  Damage  -East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (13) 


C  o  u  nty 


Blount 
C  a  Ih  0  u  n 
Cherokee 
D  ek  a  lb 
Etoum  a  h 
J  a  cks  o  n 
J  eff  e  rs  on 
Limestone 
Ma  d  is  o  n 
Ma  rshall 
Mo  roan 
Saint  Clair 
T a  lla  deg  a 


Total  No.  At  Least 

of  Mo  d  e  rate  C  o  mp  i  ete 
Facilities  Damage  Damage 


1 

4 

1 

1 

4 
1 

20 

■1 

5 
2 
5 
1 
2 


0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Legend 

Hospital  Damage 

At  Least  Moderate 

o  Hi qhy Unlikely 
O'  Unlikely 

O'  Moderate  Ukelihood 
#  Hi gkiy  Likely 
'U'  Certain 
Rivers 

—  US  Routes 
^=lnterstates 
ra  Critical  Counties 


0  12.5  25 


50 


75 


Miles 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Critical  contfe*  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
pnoba^llV  of  neacllig  tie  jpecffled  damage  itit  For 
clef  li  ltl:.i  i  of  Can  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  it  tie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  .ASS  ESSMEMT  TERMINOLOGY.- 
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Hospital  Functionality  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 


e_j 

WASH  Ml  GT.otl  'h 

V 


Wl  i  cl  -  A  me  rica Ea  rlh  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllto  k.  at  U  iImi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  0.  E  Ika?  la  [  P  i^e  et  P  ilk  opal  hue  itKjat- 1 
TleiesaJelt  e-ci,  Pi Itcpal  Ik ueitlgator 


State  of  Alabama 
Critical  Counties  (13) 


County 

No.  of 
Functional 

F  acilities 

Total 

No.  of 
Facilities 

0  fount 

1 

1 

Calhoun 

4 

4 

Cherokee 

1 

1 

Dekalb 

0 

1 

Etowah 

4 

4 

Jackson 

1 

1 

Jefferson 

20 

20 

Limestone 

1 

1 

M  ad  i  son 

5 

5 

Marshall 

2 

2 

M  organ 

5 

5 

Saint  Clair 

1 

1 

Talladega 

2 

2 

Legend 


Hospital  Functionality 

Day  1 

©  Not  F  u notional 
o  Functional 
Rivers 

—  US  Routes 
^=lnterstates 
ra Critical  Counties 


Critical  coutle*  are  ttcwe  tl  at  eipe  Me  i  ce  tie  gieatst 
pnobaillV  or  reading  tie  -E-pe chV-i  damage  itit  Foi 
detli  ltl:.i  i  ot'Cam  pie  t’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  it  He  attacked  docune  it/GLIIDE 
FO  R  IMPACT  “SO  ESSr.l  El  IT  TERMINOLOGY.- 
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Liquefaction  Susceptibility  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  200s 


State  of  Alabama 
Critical  Counties  (13) 


County 

Minim  urn 
Susceptibility 

Maximum 

Susceptibility 

Blount 

Very  Low 

Very  Low 

Calhoun 

Very  Low 

Very  Low 

Cherokee 

Very  Low 

Very  Lo  w 

Dekalb 

Very  Low 

Very  Low 

Eto  V'.ah 

Very  Low 

Very  High 

Ja  ok  so n 

Very  Low 

Very  High 

Jefferson 

Very  Low 

Very  Low 

Lim  estone 

Very  Low 

Very  Low 

Madison 

Very  Low 

Very  Low 

Marshall 

Very  Low 

Very  Low 

Morgan 

Very  Low 

Very  Low 

Saint  Clair 

Very  Low 

Very  High 

T  aiiadega 

Very  Low 

Very  L  ow 

Legend 

Liq  uefaction  Susceptibility 

'very  Low 
Low 

Moderate 
"  High 
'very  H  igh 

Major  Cities 

*  3D  ,000  -  75,000 

•  75,001  -175,000 

#  175,001  -  265,000 

—  Rivers 

—  US  Routes 
interstates 

C2 Critical  Counties 

0  12.5  25  50  75 

M^sr=rs™i 

Miles 


Critical  Goutfe*  ar*  ticse  tl  at  eacpe  rfe  i  ce  tie  gieatst 
pnob^ll^  ci t  reacllig  tie  *  pec  tried  damage  itit  For 
deTli  ltl:.i  i  of  Cam  pie  t ’  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  coi  s  i  it  H  e  attached  docime  ifGUIDE 
POP  IMPACT  ACS  ESSM  El  IT  TERMINOLOGY.- 


Wi  i  tl  -  A  me  ric  a  Ea  rth  qu  ake  C  e  nt  er 
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Modified  Mercalli  Intensity  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 


State  of  Alabama 
Critical  Counties  (13) 


County 

Max.  MMI 

Blount 

<  V 1 

Calhoun 

VI 

Cherokee 

X 

Dekalb 

X 

Etowah 

VI 

Jackson 

VII 

Jefferson 

<  V 1 

Limestone 

<  V 1 

Madison 

<  V 1 

Marshall 

VI 

Morgan 

<  V 1 

Saint  Clair 

<  V 1 

Talladega 

<  V 1 

Legend 

Modified  Mercalli  Intensity 

IUM 

<  VI 
M  VI 

VII 

VIII 

Major  Cities 

*  30,000  -  75,000 

•  75,001  -175,000 

#  175,001  -  265,000 

—  Rivers 

—  IJS  Routes 
^=lnter:  states 
^3 Critical  Counties 

0  12.5  25  50  75 

—  — 

Miles 


Critical  coiitfe*  are  tlcse  tl  at  eipe  Me  i  ce  tie  gieatst 
pnot*ll^  ci T  reaoklig  tie  *  pec  tried  damage  Jtrt  For 
defli  ltl:.i  i  of  Com  pie  t’  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  coir  lit  He  attacked  decline  it/GLIIDE 
FI'  R  IMPACT  ACS  ESSM  El  IT  TERMINOLOGY.- 


Wi  i  d  -  A  me  ric  a  Ea  rt  h  gu  ake Ce  nt  er 
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Natural  Gas  Facility  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 


Wi  i  d  -  A  me  ric  a  Ea  rlh  qu  ake^e  nt  er 

Ut  be  rt  It,-  or  llllio  I;  ert  U  faai  a-C  lam  pa  tj  1 ,  llllio  t .  US* 

Am  r  S.  E  lias  la  [  P  ro|e  ct  P  lit  c(>al  live  r 
Tl  e  ne  ?a  Je  IS-  &o  1 .  P rlic^al  li ueitlgatu 


Critical  contle*  are  tlcse  tl  at  eipe  rle  1  ce  tie  g  safest 
pnoO*ll^  or  reading  tie  *pe  elded  damage  jftfe  F01 
clem  Ittoi  i  of  Con  pie  %'  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  decline  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (13) 


Gourty 

Total  No. 
of 

Facilities 

M  Least 
Moderat  e 
Dai  mage 

Com  piste 
Damage 

Cal  hoLjn 

S 

0 

0 

Etovvah 

12 

9 

0 

Jdterson 

38 

0 

Q 

Limestone 

10 

0 

0 

Madison 

4 

0 

0 

Marshall 

1 

0 

0 

Morgan 

4 

0 

0 

Saint  Clair 

14 

0 

0 

T  ailadega 

9 

0 

0 

EH  cunt 

0 

0 

0 

Chero  Lee 

0 

9 

0 

Dekalb 

0 

0 

6 

Jackson 

0 

Ci 

0 

Legend 

Natural  Gas  Facility  Damage 
At  Least  Model 
*  Highly  Unlikely 
O  Unlikely 

C'  Moderate  Likelihood 
O  Highly  Likely 
O  Certain 

—  T ransm  i  sa  on  Li  nes 

—  Rivers 

—  US  Routes 
Interstates 

P  Critical  C  ounties 
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Oil  Facility  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 


Wi  i  d  -  A  me  ric  a  Ea  rlh  qu  ake^e  nt  er 

Ut  be  n  It,-  or  llllio  k.  -Fit  U  iImi  a-c  lam  pa  tj  t ,  llllio  t .  US* 

Am  r  S.  E  lias  la  [  P  io|e  et  P  lit  c(>al  live  r 

Tl  e  ne  ?a  Je  IS-  &o  i .  P rlic(jal  li ueitlgatu 


Critical  contfe*  are  ttcwe  tl  at  eipe  rle  t  ce  tie  gieatst 
pnob^HV  or  reaoklig  tie  *pe  elded  damage  itit  Foi 
clem  Ittoi  i  ot'Cam  pie  t ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (13) 


C  o  unty 

Total  No. 

of 

Facilities 

At  Least 

Moderate  Complete 
Damage  Damage 

C  alhoun 

5 

0 

0 

J  eff  ers  o  n 

r-o 

Q 

0 

M  or  g  an 

1 

0 

0 

T  alia  deg  a 

2 

0 

0 

B 1  oii  nt 

0 

0 

0 

C  h  er  ok  ee 

0 

a 

0 

D  ek  al  b 

0 

Q 

0 

Etowah 

0 

Q 

0 

J  ack  s  on 

0 

0 

0 

Limestone 

0 

0 

0 

M  ad  is  on 

0 

0 

0 

Marshall 

0 

Q 

0 

S  a  int  C  la  ir 

0 

0 

0 

Legend 

Oil  Facility  Damage 
At  Least  Model 
*  Hi ghly Unlikely 
O  Unlikely 

O'  Moderate  Ukelihood 
O  HigHy  Likely 
O  Certain 

—  T ransm  i  ssi  on  Li  nes 

—  Rivers 

—  IJS  Routes 
Interstates 

C2 Critical  Counties 

0  12.5  25  50  75  lr. 

Miles 
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Peak  Ground  Acceleration  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 


State  of  Alabama 
Critical  Counties  (13) 


Count  v 

Min.  PGA 

Max.  PGA 

Blount 

0.03 

0.07 

Calhoun 

0.05 

0.13 

Cherokee 

0.07 

0.79 

Dekalb 

0.09 

0.79 

Etowah 

0.05 

0.19 

Jackson 

0,05 

0  25 

Jefferson 

0.02 

0.05 

Limestone 

0,03 

0.05 

Madison 

0.04 

0.013 

Marshall 

0,05 

0.17 

Morga  n 

0  03 

0.06 

Saint  Clair 

0,03 

0.07 

T  alladega 

0.02 

0.06 

Legend 

PGA  (g) 

0.05-0.15 
□  0.15-O.3 
0.3  -  0.45 
m  0.45  -0.6 
—  0.6  -  0.8 
Major  Cities 

*  50,000  -  75,000 

•  75,001  -175,000 

#  175,001  -  265,000 
Rivers 

—  US  Routes 
^=lnterstates 
^3 Critical  Counties 


Critical  coiitfe*  are  Hcse  tl  at  eipe  rle  i  ce  tie  gieatst 
pnoO*ll^  ci T  reacting  tie  *  pec  tried  damage  Jtrt  For 
deTli  ltl:.i  i  cit'CctTi  pie  t’  a  id  'A  t  Leait  Mcde  rat-'  dam  age 
itrtei  pleate  coir  lit  He  attacked  decline  ifGUIDE 
FI'  R  IMPACT  ACS  ESSM  El  IT  TERMINOLOGY.- 
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Police  Station  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 


Wi  i  d  -  A  me  ric  a  Ea  rlh  qu  ake^e  nt  er 

Ut  h-e  n  It,-  or  llllio  k.  -Fit  U  faai  a-C  lam  pa  tj  1 ,  llllio  t .  US.*. 

Am  r  S.  E  lias  la  [  P  ro|e  ct  P  lit  c(>al  live  r 
Tl  e  ne  sa  Je  IS-  &o  1 .  P rlic(jal  li ueitlgatu 


Critical  ooiitfe*  are  ttcwe  tl  at  eipe  rle  1  ce  tie  gieatest 
pnoO*ll^  or  reaoklig  tie  jpecffled  damage  itit  F01 
clem  Ittoi  i  ot'Cam  pie  t ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (13) 


C  o  uritv 

Total  No. 

of 

Facilities 

At  Least 

Mo  de  r  ate 
D  a  ma  g  e 

Complete 
D  a  ma  g  e 

B 1 ou nt 

7 

0 

0 

C  a  Jh  ou  n 

10 

0 

0 

C  h  er  ok  ee 

4 

1 

0 

D  ek  al  b 

14 

5 

0 

Etowa  h 

12 

0 

0 

J  ack  s  on 

10 

0 

0 

J  eff  ers  o  n 

46 

0 

0 

Limestone 

5 

0 

0 

M  ad  is  on 

16 

0 

0 

Marshall 

9 

0 

0 

M  or  g  an 

9 

0 

0 

S  a  int  C  la  ir 

12 

0 

0 

T  alladega 

7 

0 

0 

Legend 

Police  Station  Damage 
At  Least  Model  ate 
o  Highly  Unlikely 
0'  Unlikely 

O  Moderate  Ukelihood 
O  Highly  Likely 
O  Certain 
Rivers 

—  US  Routes 
Interstates 
P  Critical  C  ounties 
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Police  Station  Functionality  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllio  !:■  at  U  iImi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  S.  E  Ika?  la  [  P  i^e  ct  P  ilk  c^al  hue  itKjat- 1 
TleieraJers-  &oi,  Pi lief :-al  Ik ueitlgator 


State  of  Alabama 
Critical  Counties  (13) 


County 

No.  of 

F  unctional 

Facilities 

Total 

No.  of 

F  aciiities 

Blount 

7 

7 

Calhoun 

10 

10 

Cherokee 

2 

4 

Dekalb 

5 

14 

Etowah 

12 

12 

Jackson 

10 

10 

Jefferson 

46 

46 

Limestone 

5 

5 

Madison 

16 

16 

Marshall 

9 

9 

Morgan 

9 

9 

Saint  Clair 

12 

12 

Talladega 

7 

7 

Legend 

Police  Station  Functionality 


Day  1 

O  Not  F  unctional 
g  Functional 
Rivers 

—  US  Routes 
I  nte  rotates 
E3 Critical  Counties 


Critical  contles  are  ttore  tl  at  eipe  Me  i  ce  tie  gieatst 
pnoO*ll^  or  reading  tie  ope chV-i  damage  itit  Foi 
defli  ltl:.i  i  or'CctTi  pie  t  ’  a  id  'A  t  Leart  Mode  rat-'  dam  age 
itrtei  pleate  coir  kit  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ACS  ESSM  El  IT  TERMINOLOGY.- 
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Port  Facility  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 


Wi  i  d  -  A  me  ric  a  Ea  rlh  qu  ake^e  nt  er 

Ut  be  n  It,-  or  llllio  k.  -Fit  U  faai  a-C  lam  pa  tj  1 ,  llllio  t .  US.*. 

Am  r  0.  E  lias  la  [  P  ro|e  ct  P  lit  c(>al  live  r 
Tl  e  ne  ?a  Je  IS-  &o  1 .  P rlic(jal  li ueitlgatii 


Critical  Goutfe*  are  ttofe  tl  at  eipe  rle  1  ce  tie  gieatst 
piobdJltt-  or  reading  tie  jpecffled  damage  itit  F01 
clem  Ittoi  i  of'Cam  pie  t ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Alabama 
Critical  Counties  (13) 


C  ou  nV 

Total  No. 
of 

F  a  ciliiies 

At  Least 

Moderate  Complete 
D  a  ma  ge  D  am  ag  e 

J  a  cks  o  ri 

4 

0 

0 

Jefferson 

14 

0 

0 

Limestone 

3 

0 

Ci 

Ma  d  is  o  n 

2 

0 

0 

Ma  rs  hall 

16 

0 

0 

Mo  rg  a  n 

15 

0 

0 

B  lo  u  nt 

0 

0 

0 

C  alh  o  un 

0 

0 

0 

C  herokee 

0 

0 

0 

D  ek:  a  lb 

0 

0 

0 

E  towa  h 

0 

0 

0 

Saint  C  lair 

0 

0 

0 

Talladega 

0 

0 

0 

Legend 

Poll  Facility  Damage 
At  Least  Model  ate 
o  Highly  Unlikely 
O  Unlikely 

C'  Moderate  Likelihood 
O  Highly  Likely 
O  Certain 
Rivers 

—  US  Routes 
Interstates 
EJ  Critical  Counties 
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Potable  Water  Facility  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (13) 


C  ou  nty 

Total  No. 

of 

F  abilities 

At  Least 

Mod  e  rate 
D  a  ma  ge 

C  o  mp  lete 

D  am  ag  e 

B  lo  u  nt 

3 

0 

0 

D  ek  a  lb 

1 

1 

0 

Etowa  h 

2 

0 

0 

J  a  cks  o  n 

2 

0 

0 

Jefferson 

3 

0 

0 

Lim  esto  he 

1 

0 

0 

Ma  rshal! 

2 

0 

0 

C  alh  o  un 

0 

0 

0 

C  herokee 

0 

0 

0 

Ma  d  is  o  n 

0 

0 

0 

Mo  rg  a  n 
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Prisons  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 
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Railway  Bridge  Functionality  -  East  Tennessee  Seismic  Zone:  M5.9  Event 
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Railway  Bridge  &  Segment  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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School  Damage  -  School  Damage  Seismic  Zone:  M5.9  Event 
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School  Functionality  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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Total  Debris  -  East  Tennessee  Seismic  Zone:  M5.9  Event 


March  2008 


State  of  Alabama 
Critical  Counties  (13) 
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Total  Population  (2000)  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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State  of  Alabama 
Critical  Counties  (13) 


County 

Population 
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Waste  Water  Facility  Damage  -  East  Tennessee  Seismic  Zone:  M5.9  Event  March  2008 
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Airport  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 
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Airport  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Critical  Counties  (34) 
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Worst  Case  Casualties  (2AM)  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Communication  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Dams  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Displaced  Population  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Electric  Power  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Emergency  Operation  Center  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Fire  Station  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Highway  Bridge  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Highway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Hospital  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 
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Hospital  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Liquefaction  Susceptibility  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Modified  Mercalli  Intensity  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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April  2008 


Natural  Gas  Facilities  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Oil  Facilities  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 
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Peak  Ground  Acceleration  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Police  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 


FULTON 


CLAY 


.WRENCE 


|fti  safest 


NEWTON 


INDEPENDENCE 


CRAWBSRD 


FRA  NKLIN 


N  EURE 


JOHNSON 


A  EEURNE 


JACKSON 


POPE 


ENDE 


ROSS 


VvHITE 


CO  NvVAY 


LOGAN 


LKNER 


ODRUF 


SAINT 


PERRY 


SCOTT 


PRAIRIE  MONROE 


SALINE 


LONOKE 


HlLLlP 


POLK 


MONTGOMERY 


GRANT 


ARKANAS  0 


HEM  PS TEA 


IA  CHITA 


DREW 


rSvi  FA'YtTTE^i  CO  LI 


State  of  Arkansas 
Critical  Counties  (34) 


County 

To  til  No. 

ot 

Facllltle- 

At Leai t 
Moderate 
Carnage 

'.tin  pit  te 
Dim  age 

Arhamai 

8 

0 

0 

Ea  =  tr 

6 

0 

0 

day 

s 

5 

1 

Cleburne 

6 

0 

0 

Cle  vela  nd 

3 

0 

0 

Craighead 

13 

13 

II 

enttende  n 

1  S 

1 ; 

10 

Cron 

i 

i 

■H 

Deiha 

10 

0 

0 

l=aulH  ne  r 

10 

0 

0 

Fulton 

i 

0 

0 

Grant 

n 

0 

0 

Oreene 

i 

i 

1 

ridependenca 

0 

0 

Izard 

3 

0 

0 

JacP  ton 

8 

8 

0 

Je  tte  non 

12 

0 

0 

Lawrence 

5 

3 

0 

Lee 

■7 

2 

0 

Lincoln 

i 

0 

0 

LonoHe 

9 

0 

0 

Mulnlppl 

12 

12 

12 

Monroe 

6 

■HI 

0 

fi  limp  i 

6 

1 

0 

Folmefr 

1 

6 

Prairie 

i 

0 

0 

Fills  ihl 

57 

0 

0 

Randolph 

3 

3 

0 

Saint  Rnncli 

8 

8 

0 

Sharp 

1 

0 

0 

Stone 

O 

0 

0 

Va  n  Eli en 

3 

0 

0 

Wilts 

12 

n 

0 

YvOodmtt 

8 

6 

0 

Legend 


Police  Station  [Unnge 

At  Lea  it  Modern  t 
O  Hlg  I  If  Hi  Me  If 
O  Ui  lh:e  Y 

O  Mode  rat  tKelllood 
O  Lt  ely 
#  Hlg  l  Y  LKe  Y 
^acntfcaicoi  itts 
lit  rstvt  H  hi  vrayj 

-  UO  Poits 

Pfct  & 


0  10  20  411  60 


Miles 


Wi  i  d  -  A  me  ric  a  Ea  rth  c|ii  ake  C  s  nt  er 


Ui  r.'H  rs  It,-  or  llllio  Is  at  U  Hvii  a-c  Kirn  pa  tj  i .  Mill-:- 1 .  USA 
“jii  r  S.  E  lias  la  [  P  ra|e  ct  P  ill  e(>al  live  s  fr.pt- 1 
neresaJefl--  e-oi.  Pi  Initial  li ueitlgatii 


Critical  oolite*  are  Hose  tt at  expe Me i ce  tie  gieafest 
pioPcd) lit-  or  reacllig  tie  epe  elded  damage  slat.  For 
detli  Itfci  s  ot'Con  pie  t'  a  id  'A  t  Least  Mode  rat'  dam  age 
states  please  coi  s  i  it  fr  e  attack  ed  docim  e  i t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


66  5 


Police  Station  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Port  Facilities  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Potable  Water  Facilities  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Prisons  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Railway  Bridge  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 


FULTON 


BENTON 


CLAY 


BAXTER 


GREENE 


WRENG'E 


MISSISSIPPI 


NfWTQN 


INDEPENDENCE 


CRAWEfifR  D  FRANKLIN 


N  BURE 


JOHNSON 


CL  EBURNE 


JACKSON 


POPE 


CRITTENDE 


ROSS 


WHITE 


CO  NvVAY 


LOGAN 


LKNER 


ODRUF 


A I  NT  FRAN 


PERRY 


SCOTT 


PRAIRIE  MONROE 


SALINE 


LONOKE 


PHILLIPS 


POLK 


MONTGOMERY 


GRANT 


ARKANAS 


..SEVIER 


IN  CO  LN 


PS  TEA 


OUACHITA 


DREW 


IRA  DLEY 


MILLER 


SHLEY 


FAYETTE 


State  of  Arkansas 
Critical  Counties  (34) 


County 

No,  of 
Functional 
Facilities 

Total 

No.  of 
Facilities 

Arkansas 

D 

0 

Balder 

1 

1 

Clay 

D 

0 

CJebume 

D 

0 

Cleveland 

0 

0 

Craighead 

D 

0 

Crittenden 

6 

6 

Crass 

3 

3 

Desha 

D 

0 

Faulkner 

L"l 

0 

Fulton 

0 

0 

Grart 

L"l 

0 

Greere 

0 

0 

b  dependence 

L"l 

0 

fcard 

D 

0 

Jackson 

D 

0 

Jefferson 

D 

0 

Lawrence 

0 

0 

Lee 

1 

1 

Lincoln 

0 

0 

Lonoke 

D 

0 

Mi  ssi  sa  ppi 

D 

0 

Monroe 

D 

0 

Phillips 

D 

0 

Poinsett 

0 

4 

Prairie 

D 

0 

Pulaski 

4 

4 

Randolph 

LI 

0 

Sain  Francis 

1 

1 

Sharp 

LI 

0 

Store 

D 

0 

Van  Bi_ren 

[I 

0 

White 

D 

0 

Woodruff 

0 

0 

Legend 


R'lNuny  Budge  Functionality 

Qj  I 

O  Not  Fi  icBoial 
O  Fuctbial 

litretrfc  Hlglvray? 

- -  US  FOI  Xfi 

Rl,'*  K. 

^3  Critical  Coi  fc+t-r 

0  10  HD  dll  60 

u m — di 

-  -  T?v- 

Miles 


Wi  i  tl  -  A  me  ric  a  Ea  rth  qu  ake  C  e  nt  er 

Ui  K*  rt  It,-  oT  mu-:- 1;  art  U  rbai  a-c  lam  pa  tj  i ,  llllio  t .  US. A 
.Am  r  S.  E  lias  la  [  P  id*  ct  P  ill  c(>al  five  Jtkjat  r 
Tl  *  n*  ?a  J*  IS-  e-o  i .  P illegal  li uertlgatu 


Critical  conn**  ar*  Hcb*  Hat  experience  tl*  gisatst 
pnobdxllV  or  reacllig  tl*  jpeclfled  damage  itit.  Foi 
detli  Itt-i  *  cream  pi*  V  a  id  '.A  t  L*a*t  Male  rat-'  dam  ag* 
itrt*i  pleat*  coi  1 1  It  U  e  attack  ed  doom  *  t t’G  U  ID  E 
FO  F  IMPACT  ASSESSMENT  TERMINOLOGY.- 


670 


Railway  Bridge  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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School  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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School  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Total  Debris  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Total  Population  (Year  2000)  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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Waste  Water  Treatment  Facilities  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 


FULTON 


BEST ON 


CLAY 


ENCE' 


NEWTON 


INDEPENDENCE 


CRAWFORD 


FRANKLIN  JOHNSON 


CLEBURNE 


WHITE 


CO  MWAY 


LOGAN 


LKNER 


WDODRUF 


SAINT  FRAN 


PERRY. 


SCOTT 


ONROE 


SALINE 


LONOKE 


POLK 


GRANT 


A-R  KAMA'S 


•ifEMPSTEA 


LE1TLE  RIVE 

vAfleiiA' 


IA  CHITA 


DREW 


BRAiA.EY 


Ashley 


FAYtT.T:E4i- 


State  of  Arkansas 
Critical  Counties  (34) 


Ca  unty 

to  til  Ho. 

ot 

Fao  line  h 

At  Load- 

Mod  era* 
Cam  age 

Com  plete 
['tin  aee 

Arhan  ca  n 

£ 

0 

0 

Bader 

+ 

0 

0 

Clay 

10 

7 

0 

Cleburne 

2 

0 

0 

■Ole  wlan  >1 

3 

0 

0 

Cmloh  end 

1  1 

1 1 

0 

Crittenden 

0 

9 

0 

'den 

5 

5 

0 

Dedia 

6 

0 

0 

Riulhner 

B 

0 

0 

Pi  It'ii 

2 

0 

0 

Grant 

2 

0 

0 

Greene 

+ 

+ 

0 

Independence 

+ 

0 

0 

laid 

6 

0 

0 

-Jaohcon 

S 

0 

0 

Jeffercon 

0 

0 

0 

Lawreno  e 

9 

0 

0 

Lee 

4- 

0 

0 

Lin  ooln 

3 

0 

0 

Lone  he 

8 

0 

0 

1,11  odedp  pl 

IS 

15 

3 

Mon  re  e 

3 

0 

0 

Rlllllpd 

7 

0 

0 

Poln  sett 

9 

9 

3 

Pnulrte 

5 

0 

0 

Puladd 

2E 

0 

0 

Randolph 

5 

0 

0 

Saint  Ran  ole 

3 

6 

0 

Sharp 

3 

0 

0 

it  no 

1 

0 

0 

Van  Buien 

6 

0 

0 

’AIM* 

12 

0 

0 

Woodruff 

-I- 

0 

0 

Legend 


WosteWiiter  Facility  Damage 

At  Lem  it  Moderat 
O  Hlgtly unite y 
o  ui  lie  y 

C'  Mode  at  Livelihood 
O'  Lie  y 
+  Hk|  l  y  Ll:e  V 

W,i?ite Water  DistiilMitkni  Lines 


llo.  ot  Leah  ■ 
0-50 
51  -  100 
IQ  I  -200 
201  -500 
501  -  1.200 


I  Critical  Coi  itle 


lit  re-tit  H  til  waft 

-  00  Poit-r 

Pfe& 


0  10  20  40  60 


Miles 


Wi  i  d  -  A  me  ric  a  Ea  rth  qu  ake  C  s  nf  er 

Ui  he  rt  It,-  or  llllio  k-  -at  U  N:mi  aC-  lam  pa  tj  i ,  llllio  t .  UOA. 

.Am  r  0.  E  lias  la  [  P  i^e  ct  P  ill  c(>al  live  ettpt-  r 
TlenesaJelt-E-oi.P  rlic|jal  li  ueitlgatu 


Critical  conUes  are  tloee  tl  at  expe  rle  i  ce  tie  gieatst 
pnocailty  ot  reacting  tie  epecMed  damage  itit.  Fen 
detli  Ittoi  i  oT'Cciii  pie  t'  a  id  '.A  t  Leaet  Mcde  rat'  dam  age 
etrtei  pleate  coi  s  i  it  H  e  attack  ed  doom  e  i t’G  U  ID  E 
FO  R  IMPACT  ASS  BOM  ENT  TERMINOLOGY.- 


676 


Airport  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Electric  Power  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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Emergency  Operation  Center  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  February 2008 
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Emergency  Oper.  Center  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  February  2008 
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Ferry  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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Fire  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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Fire  Station  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  February 2008 
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Hazardous  Materials  Facilities  -  New  Madrid  Seismic  Zone:  M7.7  Event  February2008 
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Highway  Bridge  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  February 2008 


State  of  Illinois 
Critical  Counties  (40) 


Count1 

No.  OT 
Functional 
Faclllle- 

Total 

HO.  Of 

Facilities 

Ale  sancter 

0 

91 

Bond 

ISO 

ISO 

Qllioun 

58 

58 

□  art 

180 

180 

a  ay 

132 

152 

G  Inton 

175 

175 

Crawltmd 

170 

170 

Ecl.ValTl  t 

80 

80 

Erlngha  in 

2  17 

217 

Fayetti 

520 

520 

FrartMln 

258 

238 

Gallaln 

71 

71 

Greene 

1 10 

110 

Ha  mil  tm 

167 

167 

Hi  Kiln 

11 

11 

JacH  ton 

177 

177 

Jaiper 

151 

151 

JeTfenon 

215 

213 

Jeney 

90 

90 

Johnton 

89 

105 

Lawrence 

1 18 

118 

r.Vic  oupln 

206 

3K 

r.Vi.JI  =  on 

393 

see 

Mail  on 

217 

217 

Mi  -  tac 

1  12 

118 

Monroe 

102 

102 

Muntjom  er, 

JO 

212 

Perry 

121 

721 

Pope 

65 

71 

Fulaihl 

58 

93 

Randolph 

156 

IX 

Mon  and 

151 

131 

Saint  Qair 

585 

585 

Saline 

161 

161 

union 

89 

178 

■Aabaili 

76 

76 

■M  ililngtm 

202 

202 

■/'jayne 

251 

251 

Wilt 

197 

197 

WII  larn  ton 

1 10 

119 

Legend 

Highway  Bridge  Functionality 

Day  1 

*  Not  F  unctions! 

*  Functional 
—  Rivers 

G5 Critical  Counties 
^=lnterstates 
— ■  US  Routes 


60  90 


Miles 


Wi  i  (I  -  A  me  ric  a  Ea  rth  qu  ake  C  e  nt  er 

Lit  be  rt  It,-  or  llllto  k.  -at  U  ibai  a-C  lam  pa  tj  i ,  llllio  t .  US*. 

Am  r  S.  E  lias  la  [  P  ra|e  et  P  lit  e(>al  live  ctigat-  r 
Tl  e  ne  ?a  Je  IS-  to  i .  P literal  It uejttptu 


Critical  iiaiii  tile s  are  tioie  Hat  expert loe  tie  gieatest 
pnolodallV  or  reading  tie  ipe  elded  damage  itit.  Foi 
detli  ltl:.i  i  of  Com  pie  V  a  td  'A  t  Leact  Male  rat-'  dam  age 
itrtei  pleate  cot  ?  t  it  H  e  attack  ed  docim  e  i  t’G  U  ID  E 
FI'  R  IMPACT  ASS  ESSr.l  El  IT  TERMINOLOGY.- 


ESI 


Highway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  February  2008 


Wi  i  (I  -  A  me  ric  a  Ea  rth  qu  ake  C  s  nl  er 

Ui  be  rt  It,-  or  llllio  k.  -at  U  ibai  a-C  lam  pa  tj  1 ,  llllio  t .  US.*. 

Am  r  S.  E  lias  la  L  P  id*  et  P  lit  e(>al  live  itfcpt-  r 
Tl  e  ne  ?a  Je  IS-  do  1 .  P literal  li uejtfcptu 


State  of  Illinois 
Critical  Counties  (40) 


Coun  V 

To  til  Ho. 

ot 

Foollllo  0 

At  Load: 
Modorat 
D-inmge 

Comp  lot 
Damage 

Alexander 

*>\ 

l\ 

+; 

Bond 

ISO 

0 

0 

■Colli-:  >i  ii 

3 

0 

0 

aaiH 

ISO 

0 

0 

CUy 

IS 

0 

0 

amt  n 

ITS 

0 

0 

Crawtnd 

170 

0 

0 

Bj  wa  rd  n 

so 

0 

0 

Blue  him 

217 

0 

0 

Fayolfc 

:oo 

0 

0 

Frirlhlln 

235 

0 

0 

C-allaln 

T  1 

0 

0 

doolie 

1  40 

0 

0 

Hamilton 

1ST 

0 

0 

Haidln 

+  + 

0 

0 

JaohGon 

ITT 

0 

0 

Jasper 

tsi 

0 

0 

Jertoi 

213 

0 

0 

Jersey 

00 

0 

0 

John  i  n 

103 

s 

0 

La -at*  no* 

143 

0 

0 

1.1 -t  o  Lipin 

206- 

0 

0 

M.idloon 

396- 

0 

0 

Mai  on 

2*7 

0 

0 

Macrae 

1  IS 

s 

0 

Monroe 

IOC 

0 

0 

Montgomery 

212 

0 

0 

Ferry 

12+ 

0 

0 

Fopo 

71 

6 

0 

Fularhl 

S3 

■5 

IS 

Randolph 

136 

0 

0 

Fluliland 

131 

0 

0 

iilnta.ilr 

3S3 

0 

0 

Saline 

IS+ 

0 

0 

Union 

I7S 

30 

13 

'rthtia  oil 

TS 

0 

0 

V-ii  diln  gt  n 

202 

0 

0 

Wiyne 

Z3+ 

0 

0 

'All  It 

ISC 

0 

0 

'rtllllam  oo  n 

1+9 

0 

0 

Legend 

HigliMiy  Budge  Damige 

it  Le  ij  et  Modena  t 


o 

Hkjlly  U  likely 

US  Routes 

o 

o 

Mi  Ike  If 

Mode  h*  Lie lllood 

Interstates 

o 

Hkj  1 1,-  Lie  y 

Critical  Counties 

# 

Ce  ttnli 

Rivers 

Highway  Segment  Dnmige 

At  Lea tt  Modena  t 
HIglly  U  likely 
Mi  Ike  I,-' 

- Mode  nt  LKelllood 


60  90 


Miles 


Critical  contle*  are  tio+e  tl  at  expe  Me  i  ce  tie  gieatst 
pnoO*ll^  or  neacllig  tie  *pe  elded  damage  itit.  For 
detli  Ittoi  i  ciT'CctTi  pie  t '  a  id  'A  t  Leaet  Male  rat-'  dam  age 
itrtei  pleate  coi  ?  i  it  H  e  attack  ed  docim  e  i  t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Hospital  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 


State  of  Illinois 
Critical  Counties  (40) 


Count/ 

Totil  Ho. 

of 

Fapllllec 

At  Le-i  et 
Modorat 
OTn.iflo 

Com  plot 
Dim-igo 

E  lid 

1 

0 

0 

□ay 

1 

0 

0 

Gin  ton 

2 

0 

0 

Crawtml 

i 

0 

0 

Enliii.iliniii 

i 

0 

0 

Fa/etb 

i 

0 

0 

Franhllh 

i 

0 

0 

Grooiio 

i 

0 

0 

H-imlltm 

i 

0 

0 

Hardin 

i 

0 

0 

daohoon 

2 

0 

0 

Joltoi  wn 

2 

0 

0 

Jersey 

i 

0 

0 

Ld'Aienoe 

i 

0 

0 

r.taooupln 

2 

0 

0 

r.Vidl  wn 

7 

0 

0 

r.Vir  to  n 

2 

0 

0 

r.Vi  teas 

i 

1 

1 

Montiomory 

2 

0 

0 

Ferry 

2: 

0 

0 

Hand  olplr 

+ 

0 

0 

Holiland 

i 

0 

0 

CalntClalr 

5 

0 

0 

Saline 

2 

0 

0 

Lbi  Icm 

2 

2 

0 

'AHbadi 

i 

0 

0 

.-•■i  diln  gton 

i 

0 

0 

'Ahyna 

i 

0 

0 

.  Jlll-iu  »li 

3 

0 

0 

■Ho  nr  dor 

D 

Q 

0 

Crilliou  II 

0 

0 

0 

Oarh 

0 

0 

0 

EJ.vrd  c 

0 

0 

0 

□allaln 

0 

0 

0 

■Jaopor 

0 

0 

0 

John  wn 

0 

0 

0 

Hon  roo 

0 

0 

0 

Fopo 

0 

0 

0 

Full  cH 

0 

0 

0 

TJlIto 

0 

0 

0 

Legend 

Ho$|>itol  Diinni<je 
At  Lens*  Mocler 
o  Highly  Unlikely 
O  Unlikely 

C'  Moderate  Likelihood 
O  Highly  Likely 
O  Certain 
Rivers 

£3 Critical  Counties 
^=Hnterstates 
— ■  US  Routes 


Critical  ooiitle*  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
pnot*ll^  ci t  neacllig  tie  *  pec  ffled  damage  itit  For 
deTli  ltl:.i  i  of  Cam  pie  t’  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  attached  docime  ifGUIDE 
FOP  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Hospital  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 


State  of  Illinois 
Critical  Counties  (40) 


Oil  1.1  lit, 

115.  Ot  TCtil 

Funclonal  llo.  or 

Fact  lit  ei  Fact  III  ei 

Bond 

1  1 

Gay 

0  1 

□Irrtcin 

l  2 

Crawford 

1  1 

EtTIngltam 

1  i 

Fayett 

1  1 

Franhlln 

0  1 

Greene 

1  1 

Hamilton 

0  1 

Hardin 

0  1 

Jachion 

0  2 

Jeffcnon 

0  2 

Jeriey 

1  1 

Lawrence 

0  1 

Macoupin 

o  o 

Mi-  II  ion 

6  T 

Mil  Ion 

1  2 

Mi  >  =  ac 

0  1 

Montjomery 

o  n 

Perry 

0  2 

Randolpd 

0  1 

FltllanJ 

1  1 

Saint  Gal  r 

1  5 

Saline 

0  2 

Union 

0  2 

'■Aibaili 

0  1 

Wiihlngtjn 

0  1 

Y'ayne 

1  1 

'Allll  am  ion 

0  3 

Ale  tander 

0  0 

Cal  lioun 

0  0 

GarH 

0  0 

Edward! 

0  0 

Gallatin 

0  0 

Jaiper 

0  0 

Join  ion 

0  0 

Monroe 

0  0 

Pope 

0  0 

Pulaihl 

0  0 

Wilt 

0  0 

Legend 

Hospital  Functionality 

Day  1 

O  Not  F  unctional 

*  Functional 

Rivers 

a  Critical  Counties 
^^Interstates 
— ■  US  Routes 


Critical  coiitfe*  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
pnofcaellV  ci t  reacllig  tie  *  pec  tried  damage  Jtrt  For 
deTli  ltl:.i  i  of  Cam  pie  t’  a  id  'A  t  Leaet  Mcde  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI1  F  IMPACT  ACC  EC  CM  El  IT  TERMINOLOGY.- 
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Liquefaction  Susceptibility  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 


State  of  Illinois 
Critical  Counties  (40) 


Oo  UII  t' 

Min  Ini  uni 

5u  '»*['tlM  lit 

Maifjnum 

Su  coop  1b  lilt}' 

Ale  inn  Jer 

U  rtram 

Wry  High 

E-:  nd 

U  renown 

Low 

C.1III0UII 

U  renown 

Bare 

Ciarfe 

U  renowrr 

Ure.i-iown 

a  a;, 

Hone 

Low 

ain-fcn 

Low 

Very  High 

Crawlbrd 

U  rtnown 

Low 

Ed  wand  0 

Low 

Low 

Erring  li-sm 

U  renown 

Low 

Fayptfc 

U  renown 

Very  High 

Fran  hlln 

No™- 

Low 

Qallaln 

U  renown 

Low 

Green  * 

U  renown 

Unknown 

H-'iln  lit  h 

Low 

Low 

Hardin 

U  nl-J>3rATI 

Bone 

Jabhran 

IJ  renown 

Very  High 

Ja 

U  nl-nowr-i 

Low 

Jetreiwn 

lone 

Low 

HI  renowr-i 

Low 

Johnson 

Bore 

Bare 

Lawranoa 

U  renown 

Very  High 

Maooupln 

U  renown 

Bare 

M.rdl  wn 

U  renown 

Wry  High 

Marion 

Hoy- 

Wry  High 

l.li  :ho 

U  renown 

Wry  High 

Men  roe 

U  rtiroAr'i 

Low 

Mon  1 0  nrery 

U  renown 

Horre 

Pen-' 

Hone- 

r.l  oWnk- 

PSp# 

Uieirown 

lone 

Pula  cHI 

Uienown 

Wry  High 

Randolph 

U  renown 

Wry  High 

FI0I1  land 

Boot 

Low 

Saint  Clair 

Low 

Very  High 

Sal  In* 

Bony 

Low 

Un  Ion 

Unknown 

Low 

Wabacli 

Uienown 

Wry  High 

Wadilngten 

Low 

Low 

Wayn* 

Boy 

Low 

vunre 

U  renown 

Low 

'Allllamwn 

Bone 

Wry  High 

Legend 

Li<|  11  eviction  Susceptibility 

Unknown 
None 
™  Low 
Moderate 
Very  H  iqh 

Rivers  Major  Cities 

1^3 Critical  Counties  80,000- 100,000  ♦ 
-^^Interstates  100,001  -  LJJ0 .000  • 
— ■  US /Route  s  200,001  -  2,750,000  • 


Critical  coiitfe*  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
pnofcdyllV  ci t  reacllig  tie  *  pec  (Tied  damage  stit  For 
deTli  ltl:.i  i  of  Cam  pie  t’  a  id  'A  t  Least  r.lcde  rat-'  dam  age 
states  pleate  coi  s  i  it  H  e  attached  docime  ifGUIDE 
FOP  IMPACT  ACS  ESSM  El  IT  TERMINOLOGY.- 
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Modified  Mercalli  Intensity  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 


State  of  Illinois 
Critical  Counties  (40) 


■CDi.ntr 

Mai.  r.ir.n 

Ale  lander 

XII 

Bnd 

VI 

Cainoui 

VI 

□art. 

■*  vi 

□ay 

VI 

□Inton 

VI 

CrawTci  d 

VI 

Edward  i 

VII 

ETTIn^iam 

-=  VI 

Pi  yette 

^  VI 

FTmnhlln 

VII 

Gallatin 

VII 

Greene 

^  VI 

Ham  llton 

VII 

Hardin 

VII 

JacMon 

X 

Ja»per 

-=  VI 

Jertnon 

VII 

■Jet  ley 

-=  VI 

Join  ion 

X 

li  whence 

VI 

Macoupin 

--  VI 

Midhon 

VI 

Marlon 

VI 

Mi  i  =n c 

IX 

Monroe 

VII 

Montgcm  er; 

VI 

Ferry 

VII 

Pope 

VII 

PUaiNI 

Jfl 

Randolph 

VII 

Richland 

VI 

salntaalr 

VII 

Saline 

VII 

union 

X]| 

Mbaih 

VI 

'Millington 

VII 

Myne 

VI 

■Amt 

VII 

Milam  >on 

K 

Legend 

Modified  Mercfilli  Intensity 

Major  Cities 

*  80,000-100,000 
*  100,001  -  200,000 
9  230,001  -2,750,000 
—  Rivers 
^3 Critical  Counties 
^=lnterstates 
—  US  Routes 


<Mvl> 

<  VI 

™  vu 

VIII 

IX 

X 

™  XII 


Miles 


Critical  ooutle*  are  tlcse  tl  at  eacpe  rle  i  ce  tie  gieatst 
pnob^ll^  ci T  leading  tie  *  pec  ffled  damage  itit  Foi 
deTli  ltl:.i  i  cit'CctTi  pie  t’  a  id  'A  t  Leact  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  attached  doom e  i fG U ID E 
Fl1  P  IMPACT  ACS  ESSM  El  IT  TERMINOLOGY.- 


Chi  cago 


Wi  i  tl  -  A  me  ric  a  Ea  rlh  qu  ake  _Ce  nt  er 

Ui  be  n  It,-  or  llllio  I;  at  U  ihai  a-C  lam  pa  tj  i ,  llllio  t .  USA 
.Am  r  O.  E  lias  la  t  P  ra|e  et  P  ill  c(>al  live  Jtlgafc  r 
TleiesaJeltE-oi.P illegal  li uejtlgatu 
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Natural  Gas  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  February  2008 


State  of  Illinois 
Critical  Counties  (40) 


County 

Totil  It-. 

Of 

Fasdlim 

At  L#a  ct 
Modorafe 
Da  mag# 

Complot# 

Camag# 

aierandw 

■5 

5 

1 

Bind 

a 

0 

0 

Calhoun 

2 

0 

0 

dart* 

7 

0 

0 

day 

5 

0 

0 

dlnisn 

Is 

0 

0 

Crwronl 

12 

0 

0 

EJv..ird  o 

+ 

0 

0 

Bingham 

□ 

0 

0 

D 

0 

0 

Fran  Min 

G 

5 

0 

CMIaln 

7 

0 

0 

•jieens 

G 

0 

0 

Hamltnn 

+ 

0 

0 

Handln 

2 

0 

0 

■Ja*  wn 

□ 

12 

0 

J-il'ti 

2 

0 

0 

Jf-Wiwn 

ID 

0 

0 

7 

0 

0 

Johnson 

5 

5 

0 

L-taitmi  ■:* 

c 

0 

0 

Macoupin 

21 

0 

0 

I.Vidl  III 

20 

0 

0 

Marlon 

G 

0 

0 

r.Vi  » 

S 

s 

0 

Monro# 

+ 

0 

0 

Montmmary 

20 

0 

0 

Ferry 

C. 

0 

0 

ftp# 

2 

2 

0 

Fulart-il 

7 

7 

0 

Randolph 

tL 

0 

0 

Flchhmd 

2 

0 

D 

Satitdalr 

21 

0 

0 

Sains 

7 

2 

0 

Ufeilon 

s 

s 

3 

'AHia  di 

+ 

0 

0 

Virdilmj-fcn 

ID 

0 

0 

Vihyn* 

7 

0 

0 

VJilt 

G 

0 

0 

VJII  'lM  III 

IS 

25 

0 

Legend 

Niitiiml  Gas  Facility  Damage 

At  Leiist  Moderate 

o  Hi  guy  Unlikely 
O  Unlikely 

O  Moderate  Ukelihood 
#  Highly  Likely 
O  Certain 

—  Natural  Gas  Transmission  Lines 

—  Rivers 

a  Critical  Counties 
^=lnterstates 
— ■  US  Routes 


60  90 


Miles 


Wi  i  (I  -  A  me  ric  a  Ea  rth  qu  ake  C  s  nf  er 

Lit  be  n  It,-  or  llllio  k.  -at  U  ibat  a-C  lam  pa  tj  t ,  llllio  t .  US* 

Am  r  S.  E  lias  la  L  P  id*  ct  P  lit  e(>al  live  slkjat-  r 
Tl  e  i*  sa  Je  It-  no  i .  P  rlic(3al  li  uestlgatii 


Critical  conties  ar*  Hose  tl at  expe rle i ce  tl*  g  safest 
pnoC*ll^  or  neacllig  tl*  specified  damage  strife.  Foi 
cfeTli  Ittoi  s  ot'Cam  pi*  t '  a  id  'A  t  Least  Male  rafe'  dam  ag* 
states  please  coi  s  t  it  H  e  attack  ed  docim  e  i t’G  U  ID  E 
FI'  R  IMPACT  .ASS  ESSMEMT  TERMINOLOGY.- 
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Oil  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 


Wl  i  cl  -  A  me  rica_Ea  rth  qu  ak^C  e  nl  er 

lii  P/e  rs  rt,  or  llllko  K  at  U  iImi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  S.  E  Ira?  ka  [  P  et  P  ilk  c^al  Irue  itKjat- 1 
TkeiesaJelt  e-ci,  Pi lic^al  Ik uestlgator 


State  of  Illinois 
Critical  Counties  (40) 


•County 

To  tl  He. 
et 

Faolllo  (■ 

.At  Lea  <fr 
Moderate 
Damage 

■Comple* 

Damage 

Ec  ini 

!> 

□arh 

2 

0 

0 

□ay 

6 

0 

Cl 

il-tfA-lbiij 

-I- 

0 

0 

a  want  g 

3 

0 

0 

Bingham 

5 

0 

0 

FY.etfc 

-i- 

0 

0 

FmnHIn 

i 

0 

0 

Greene 

i 

0 

0 

Hamilton 

2 

0 

0 

■Jj  (per 

i 

0 

0 

■Je  Hereon 

i 

0 

Cl 

LaWTefl  oe 

7 

0 

Cl 

Midi  in 

31 

0 

0 

Pterion 

E 

0 

0 

Pifcntjcmeiy 

3 

0 

Cl 

Hohlsid 

2 

0 

Cl 

SakitGalr 

7 

0 

0 

Union 

i 

1 

Cl 

'.■‘■it  a  -:li 

3 

0 

Cl 

VJr.ne 

+ 

0 

0 

/Jilt 

5 

0 

Cl 

Ydllamoin 

2 

2 

0 

ATe=?indef 

0 

0 

0 

Calhoun 

0 

0 

Cl 

Gln-kvn 

0 

0 

0 

CHIaln 

0 

0 

0 

Hardin 

0 

0 

Cl 

-.Li .:H  »n 

0 

0 

0 

■Jnnxrf 

0 

0 

0 

John  ran 

0 

0 

c 

Maosupln 

0 

0 

0 

i.Vi  Kao 

0 

0 

0 

Monroe 

0 

0 

c 

airy 

0 

0 

0 

ape 

0 

0 

0 

FllllChl 

0 

0 

0 

Frmdolpli 

0 

0 

Cl 

ialne 

0 

0 

Cl 

'.'Vnjilngtn 

0 

Q 

0 

Legend 

Oil  Facility  Damage 
At  Least  Moder  ate 
o  Highly  Unlikely 
O  Unlikely 

O  Moderate  Likelihood 
O  Highly  Likely 
O  Certain 

—  Oil  Transmission  Lines: 
Rivers 

Critical  Counties 
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Police  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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Police  Station  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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Port  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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Potable  Water  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  February  2008 
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Prisons  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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Railway  Bridge  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  February 2008 
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Railway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  February  2008 
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0 
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0 
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0 
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1 

0 

0 
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6> 

0 

0 
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3 

0 

0 

Franhlln 

13 

0 

0 
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0 

0 
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0 
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School  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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0 
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0 
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0 

0 
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0 

0 

Gallatin 

1 

0 

0 
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0 
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0 

Macrae 

33 

33 

13 

Mo  nrc  » 

25 

0 

0 

Mon-kjomwy 

20 

0 

0 

Fbny 

15 

0 

0 

Fcp  * 

31 

6 

0 

Fula  ■:+:! 

8 

8 

8 
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School  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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13 
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Waste  Water  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


February  2008 
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Airport  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Airport  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Worst  Case  Casualties  (5PM)  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 
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Communication  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Greene 

155 

0 

0 

Krox 

301 

0 

0 

Pike 

127 

0 

0 

Posey 

200 

0 

0 

Spencer 

127 

0 

0 

Sullivan 

184 

0 

0 

Vanderburgh 

507 

0 

0 

Warn  ck 

213 

0 

0 

Legend 

Communication  Facility  Damatje 
At  Least  Moderate 
►  Highly  Unlikely 
Unlikely 

o  Moderate  Likelihood 
#  Highly  Likely 
%  Certain 
Interstates 
US  Routes 
Critical  Counties 
Rivers 
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Dams  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

No.  of 
Facilities 

Daviess 

14 

Dubois 

34 

Gibson 

8 

Greene 

19 

Knox 

6 

Pike 

25 

Posey 

5 

Spencer 

11 

Sullivan 

31 

Vanderburgh 

22 

Warrick 

15 

Critical  ooutle*  are  tlcse  tl  at  eipe  Me  i  ce  tie  gieatst 
pnoca5ll^  or  reading  tie  *  pec  tried  damage  Jtrt  For 
clem  ltl:.i  i  or'C cm  pie  t’  a  id  'A  t  Leait  Mcde  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASS  ESSM  El  IT  TERMINOLOGY.- 
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Displaced  Population  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Count  y 

Di  spil  seed 
Resi  dences 

E=i  i  e  of 

Di  sp.l  aced 
Pooul^ion 

Davi  ess 

0 

0 

Duboi  s 

0 

0 

Gibson 

0 

0 

Greene 

0 

0 

Knox 

0 

0 

Pike 

0 

0 

Posey 

0 

0 

Spend1  er 

0 

0 

Sul  li  van 

0 

0 

Vanderbur  gh 

3D 

48 

Warri  ok 

2 

4 

State  of  Indiana 
Critical  Counties  (11) 


taprafces 

O  50,000-  11:10,1:101:1 
#  100,001  -  200,000 
200  ,001  -  753  ,000 
'Interstates 
US  Routes 
|  Critical  Counties 

Displaced  Population 

dis_pop 

0-5 

—  6  -  48 

Rivers 


Critical  coutle*  are  Hose  tl  at  expe  rle  t  ce  tie  gieatst 
pnotdjllt  ci r  neacllig  tie  jpeclfled  damage  itit  Fen 
detli  ltl:.i  i  or  Com  pie  t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Electric  Power  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


Stc 

Critic 

Cocirty 

ite  of  Indiana 
al  Counties  (11) 

Total  No.  At  Least 

of  Moderate  'fm.F‘e,e 

Facilities  Darn  age  afTia^e 

Dtibois 

4 

0 

0 

Gi  bson 

8 

D 

0 

Greene 

7 

D 

D 

Knox 

15 

D 

D 

Pike 

14 

D 

D 

Posey 

7 

D 

D 

Spencer 

8 

0 

D 

Sullivan 

8 

0 

0 

Vanderburgh 

14 

D 

D 

Warri  ok 

12 

D 

D 

□aw  ess 

D 

0 

D 

Legend 

Electi  ic  Power  Facility  Damage 

At  Least  Moderate 

1 

Highly  Unlikely 

• 

Unlikely 

0 

Moderate  Likelihood 

O 

Highly  Likely 

• 

Certain 

Electric  Transmission  Lines 

Interstates 

US  Routes 

□ 

Critical  Counties 

Rivers 

0  10 

3D 

40 

60 

-.1- 

Miles 

“T 

Critical  coiilfe*  are  ticse  tl  at  expe  rfe  1  ce  tie  gieafest 
pnoO*ll^  or  reacting  tie  tpecHted  damage  itit.  F01 
cfefli  ltl:.i  i  or  Com  pie  V  a  id  'A  t  Lea&t  Mode  rat-'  clam  age 
itrtei  pleate  con  s  <  it  H  e  attacl  ed  docim  e  t t’G  U  ID  E 
FI'  R  IMPACT  ACCECCr.lEIIT  TERMINOLOGY.- 
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Emergency  Operation  Center  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


'STEUBEN 


AD£  MS 


ORN 


State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Da  image 

Com  pi  ete 
Damage 

Knox 

1 

0 

0 

Posey 

1 

0 

D 

Spencer 

1 

D 

li 

Sullivan 

2 

D 

D 

Vanderburgh 

1 

D 

D 

Dajiess 

D 

0 

0 

Duboi  s 

D 

D 

D 

Gi  bson 

0 

0 

0 

Greene 

D 

D 

D 

Pike 

D 

0 

D 

'vVarn  ok 

D 

0 

D 

Legend 

Emergency  Operation  Centers 
At  Least  Moderate  Damage 


* 

Highly  Unlikely 

Unlikely 

O 

Moderate  Likelihood 

O 

Highly  Likely 

* 

Certain 

Interstates 

- . 

US  Routes 

I~1 

Critical  Counties 

Rivers 
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Critical  ccntfe*  are  tics*  tl  at  expe  rle  i  ce  tl*  gieatest 
pnoO*ll^  or  reacting  tl*  jpeclfled  damage  itit.  Foi 
detli  Ittoi  i  orccm  pi*  t '  a  id  'A  t  Lea&t  Mod*  rat-'  dam  ag* 
itrt*i  pleate  coi  s  i  it  n  *  attaol  *d  docim  *  i  t’G  U  ID  E 
FI'  R  IMPACT  ACCECCr.lEIIT  TERMINOLOGY.- 
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EOC  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

Mo.  of 

F  unctional 

Facilities 

Total 

No.  of 

Facilities 

Knox 

1 

1 

Posey 

1 

1 

Spencer 

1 

1 

Sullivan 

2 

2 

Vanrier  iHiigh 

0 

1 

Daviess 

0 

0 

Dubois 

0 

0 

Gibson 

0 

0 

Greene 

0 

0 

Pike 

0 

0 

Warrick 

0 

0 

Legend 

Emergency  Operation  Centers 
Fmictio nalily  at  Day  1 

*  Not  Functional 

*  Functional 

*  I  n  te  rst  at  e  s 


US  Routes 


Critical  Counties 


Riv  ers 


0  10  20  40  60 

u m — 

—  - 

Miles 


Critical  conn**  ar*  tics*  tl at  expe rle i ce  tl*  gieatest 
pnoO*ll^  or  reacklig  tl*  spe ctned  damage  itit.  Foi 
detli  Ittoi  i  or  Com  pi*  t'  a  id  'A  t  Lea&t  rial*  rat-'  dam  ag* 
itrt*i  pleate  coi  s  i  it  H  *  attack  *d  docim  *  t t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Fire  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


AD£  MS 
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State  of  Indiana 
Critical  Counties  (11) 


C  curry 

Total  No. 
of 

Facilities 

At  Least 

Moderate 

Damage 

Complete 

Damage 

Dadess 

12 

D 

D 

OLboi  s 

14 

[i 

L'l 

Gi  hson 

13 

D 

D 

Greere 

14 

D 

D 

Knox 

19 

D 

D 

Pike 

S 

D 

D 

Posey 

ID 

D 

D 

Spencer 

7 

D 

D 

Sullivan 

12 

D 

D 

Van  cter  burgh 

26 

D 

D 

Warn  ok 

11 

0 

L"i 

Legend 

Fire  Station  Damage 
At  Least  Moderate 


* 

Highly  Unlikely 

Unlikely 

o 

Moderate  Likelihood 

O 

Highly  Likely 

* 

Certain 

Interstates 

- . 

US  Routes 

1  1 

Critical  Counties 

Rivers 

0  10  20  40  60 


Miles 
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Critical  contfci  ar*  tics*  tl  at  expe  rle  i  ce  tl*  gieatest 
pnoO*ll^  or  neacllig  tl*  jpecined  damage  itit.  For 
detli  Itbi  i  or  Com  pi*  t '  a  id  'A  t  Lea&t  Mod*  rat-'  dam  ag* 
itrtei  pleate  coi  s  i  it  H  *  attack  ed  doom  *  i t’G  U  ID  E 
FI'  R  IMPACT  ACCECCr.lEIIT  TERMINOLOGY.- 
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Fire  Station  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


□RN 


Wl  i  cl  -  A  me  rica_Ea  rlh  qu  ak^C  e  nt  er 
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County 

Ho.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Daviess 

12 

12 

Dubois 

14 

14 

Gibson 

13 

13 

Greene 

14 

14 

Knox 

19 

19 

Pike 

8 

8 

Posey 

10 

10 

Spencer 

7 

7 

Sullivan 

12 

12 

Vanderburgh 

8 

26 

Wau  ick 

11 

11 

State  of  Indiana 
Critical  Counties  (11) 


Legend 

Fire  Station  Functionality 
Day  1 

O  Not  Functional 
*  Functional 

■Interstates 

US  Routes 
Critical  Counties 
Riv  ers 


Critical  ooutle*  are  Hose  tl at  expe Me i ce  tie  gieafest 
pnoOdallV  or  reacting  tie  tpecMKl  damage  Jtrt  For 
defli  ltl:.i  i  or'Ccrm  pie  t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  tie  attacked  docime  ifGUIDE 
FOP  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Hazardous  Materials  Facilities  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

No.  of 
Facilities 

Do  viess 

30 

Dubois 

62 

Gibson 

45 

Greene 

4 

Knox 

2.0 

Pike 

27 

Posey 

62 

Spencer 

24 

Sullivan 

1  1 6 

Vanderburgh 

73 

Warrick 

56 

Legend 

*  Ha zmat  Facilities 


MMI 

<V1 

1  interstates 


US  Routes 


Critical  Counties 


Rivers 
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Critical  contle*  are  tlcse  tl  at  expe  rle  i  ce  tie  gieatest 
pnoO*ll^  or  reading  tie  *pe  elded  damage  itit.  Foi 
detli  Ittoi  i  oT'CctTi  pie  t '  a  id  'A  t  Lea&t  Male  rat-'  dam  age 
itrtei  pleate  coi  ?  i  it  H  e  attack  ed  docim  e  i  t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Highway  Bridge  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

Ho.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Daviess 

1  36 

136 

Dubois 

192 

192 

Gibson 

293 

293 

Greene 

201 

201 

Knox 

288 

288 

Pike 

1  36 

1 36 

Posey 

1  91 

1 91 

$l>encer 

212 

212 

Sullivan 

204 

204 

Vanderburgh 

1  88 

188 

Wai  rick 

173 

1 73 

Legend 

HkjliWdy  Bridcje  Functionality 
Day  1 

*  Not  Functional 

*  Functional 

Interstates 
US  Routes 
Critical  Counties 
Riv  ers 


Critical  ooutle*  are  Hose  tl at  expe Me i ce  tie  greatest 
pnoOdJll^  or  reacting  tie  tpecMKl  damage  Jtrte  For 
defli  ltl:.i  i  or'Ccrm  pie  t '  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  tie  attacked  docime  ifGUIDE 
FOP  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Highway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No. 
■of 

Facilities 

At  Least 
Moderate 
Damage 

Complete 

Damage 

Daviess 

136 

0 

0 

Dubois 

192 

0 

0 

Gi  bson 

293 

0 

0 

Greene 

201 

0 

0 

Knox 

288 

0 

0 

Pike 

136 

0 

0 

Posey 

191 

0 

0 

Spencer 

212 

0 

0 

Sullivan 

204 

0 

0 

Vanderburgh 

188 

0 

0 

Warrick 

173 

0 

0 

Legend 

Highway  Bridge  Damage 


At  Least  Moderate 

Highly  Unlikely 
Unlikely 

o  Moderate  Likelihood 
o  Highly  Likely 
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Highway  Segment  Damage 
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Highly  Unlikely 
Unlikely 
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'  interstates 
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Rivers 
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FI'  R  IMPACT  ACCECCr.lEIIT  TERMINOLOGY.- 


724 


Hospital  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Indiana 
Critical  Counties  (11) 
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Total  No. 
of 

Fsci  lltl  as 

At  Least 
Moderate 
□am  ape 

Complete 

Damage 

Daviess 

1 

D 

D 

DiJncis 

2 

D 

U 

Gi  brson 

1 

Ci 

Ci 

Greene 

1 

0 

U 

Knox 

1 

D 

0 

Sullivan 

1 

D 

0 

Vanderburgh 

7 

D 

U 

Vvarri  ok 

2 

0 

0 

Pike 

0 

0 

Ci 

Posey 

D 

D 

Ci 

Spencer 

D 

D 

0 

Legend 

Hospital  Damage 
At  Least  Moderate 
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itrtei  pleate  coi  s  i  it  H  e  attack  ed  doom  e  i  t’G  U  ID  E 
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Hospital  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


□RN 


WI  i  cl  -  A  me  rica Ea  rlh  qu  ak^C  e  nt  er 

lii  be  ra  rt,  or  llllto  K  .Fit  U  ilvik  a-C  lam  pa  tj  ■ .  Illlto  t .  US.*. 

Am  1  0.  E  lias  la  [  P  i^e  ct  P  ilk  opal  Ikue  itKjat  r 
Tl  e  ne  ?a  Je  It  &o  1 .  P 1 Itcpal  Ik ueitlgatii 


County 

Ho.  of 

Functional 

Facilities 

Total 

H  o.  of 

Facilities 

Daviess 

1 

1 

Dubois 

2 

2 

Gibson 

1 

1 

Greene 

1 

1 

Knox 

1 

1 

Sullivan 

1 

1 

Vanderburgh 

0 

7 

Wanick 

0 

2 

Pike 

0 

0 

Posey 

0 

0 

Spencer 

0 

0 

State  of  Indiana 
Critical  Counties  (11) 


Legend 

Hospital  Functionality 
Day  1 

o  Not  Functional 
*  Functional 

■Interstates 
US  Routes 
Critical  Counties 
Riv  ers 


Critical  ooutle*  are  Hose  tl at  expe rle i ce  tie  gieatst 
pnoOdJll^  or  neacllig  tie  jpeclfled  damage  Jtrt  For 
clem  ltl:.i  i  or'Corm  pie t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Liquefaction  Susceptibility  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


State  of  Indiana 


Court  Y 

Minimum 

Susceptibility 

Maxi  mom 
Suscepti  bi  lity 

Daviess 

Low 

Low 

Di±n:i  s 

Hone 

Low 

Gi  been 

Hone 

'very  Hgh 

Greers 

Unknown 

Low 

Knox 

Low 

Very  Hgh 

Pike 

Hone 

Low 

Posey 

Low 

'very  Hgh 

Spencer 

Hone 

Low 

Sull  i  van 

Unknown 

Low 

Vanderburgh 

Low 

'■...try  Hgh 

Warn  ok 

Hone 

Moderate 

Legend 

Liquefaction  Susceptibility 

Unknown 
None 
H  Low 

■  Moderate 

■  Very  High 

Major  Cities 

O  50,000  -  100,000 
#  100,001  -  200,000 
200 ,001  -  753  p00 
■Interstates 
US  Routes 
Critical  Counties 
Riv  ers 


Critical  coiitfe*  are  tlc&e  tl at  expe rle i ce  tie  gieatst 
pndodollV  or  reacllig  tie  i|*  elded  damage  itit  For 
detli  itbi  i  orccm  pie  t'  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  abaci  ed  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Modified  Mercalli  Intensity  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllto  !:■  .Fit  U  rl>ai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  C.  E  Ika?  la  [  P  i^e  et  P  ilk  c^al  Ikue  itKjat- 1 
TleiesaJelt  &oi,  Pi Itc^al  Ik ueitlgator 


State  of  Indiana 
Critical  Counties  (11) 


County 

Max.  MMI 

Daviess 

VI 

Dubois 

<  VI 

Gibson 

VI 

Greene 

<  VI 

Knox 

VI 

Pike 

VI 

Posey 

VI 

Spencer 

VI 

Sullivan 

<  VI 

Vanderburgh 

VII 

Warrick 

VI 

Legend 

MMI 

<VI 

—  Ml 

Major  Cities 


50,000  -  r  oo  ,oo  a 
100,001  -  200,000 
200 ,001  -  753  0  00 
Interstates 
US  Routes 
Critical  Counties 
Rivers 


Critical  coutle*  are  Hose  tl at  expe Me i ce  tie  gieatst 
pnotdJll^  ci r  neacllig  tie  tpecMKl  damage  Jtrt  For 
deTli  ltl:.i  i  orcorm  pie  t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  tie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Natural  Gas  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


Wl  i  cl  -  A  me  rica_Ea  rlh  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllio  K  .Fit  U  rl>ai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  0.  E  Ika?  la  [  P  i^e  ct  P  ilk  c^al  ik're  itigat- 1 
TleiesaJers-  &oi,  Pi Hof :-al  Ik ueitlgatir 


State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Damage 

Compl  ete 
Damage 

□tipis 

1 

[i 

D 

Greene 

4 

[i 

D 

Pike 

2 

D 

0 

Daviess 

L"l 

D 

U 

Gibson 

LI 

D 

D 

Knox 

D 

D 

U 

Posey 

0 

D 

LI 

Spencer 

0 

D 

0 

Sul  li  van 

[1 

D 

L"l 

Vanderbcrgh 

[1 

[i 

0 

Warrick 

0 

D 

0 

Legend 


Nmuml  Gas  Facility  Damage 
At  Least  Moderate 
-  Highly  Unlikely 
Unlikely 

O1  Moderate  Ukelihood 
O  Hi ghly  Likely 
U  Certain 

—  N  a  tu  ra  I  G  a  s  P  ip  el  r  n  e  s 
Interstates 
US  Routes 
Critical  Counties 
Rivers 


■10  20 


rto 


60 


Miles 


•J.SL 


Critical  ooutle*  are  tlc&e  tl  at  expe  Me  i  ce  tit  gieatest 
pnoCdJll^  or  neacllig  tie  Apecffled  damage  itit  For 
clem  ltl:.i  i  or'Ccm  pie  t '  a  id  'A  t  Leait  Male  rat'  dam  age 
itrtei  pleate  coir  kit  tie  attacled  docime  ifGUIDE 
FI'  R  IMPACT  ASS  BOM  ENT  TERMINOLOGY.- 
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Oil  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


Sta 

Critic 

Court  y 

te  of  Indiana 
al  Counties  (11) 

Total  No.  At  Least  . 

.i  Badente  Cn  p 

Facilities  Damage  arnage 

Gi  teon 

7 

0 

0 

Greene 

2 

U 

D 

Pike 

1 

D 

D 

Posey 

14 

Li 

D 

Sullivan 

2 

u 

D 

SAander  burgh 

6 

[I 

D 

Wani  ok 

3 

D 

D 

Daviess 

D 

U 

0 

Duboi  s 

D 

0 

D 

Knox 

D 

L"l 

0 

Spencer 

D 

U 

D 

Legend 

Oil  Facility  Damage 

At  Least  Moderate 

-  Hi gHy  Unlikely 

Unlikely 

O  Moderate  Ukelihood 

O  Highly  Likely 

U  Certain 

—  Oil  Rip 

e  lines 

*  » Interstates 

-  US  Routes 

|  | Critical  Counties 

Rivers 

0  10  im 

40 

60 

Miles 

“T 

Critical  coiilfe*  ar*  tlcse  tl  at  expe  rfe  1  ce  tie  geatest 
pnoO*ll^  or  reacllig  tie  tpecHted  damage  itit.  F01 
detli  ltl:.i  i  or  Com  pie  V  a  id  'A  t  L*a&t  Mode  rat-'  dam  age 
itrtei  pleate  001  s  <  it  H  e  attacl  ed  doom  e  t t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


M  i  cl  -  A  me  rica_Ea  rth  qu  ak^C  e  nt  er 

lii  Ire  rs  It,  or  llllio  I;  at  U  rtxai  a-C  lam  pa  tj  1 .  Illlt-:- 1 .  USA 
Am  1  C.  E  lia?  la  [  P  io|e  et  P  Mi  opal  hue  sttiat  1 
TleiesaJelt  &01,  Pi nopal  li ueitlgatr 
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Peak  Ground  Acceleration  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


Mammontl  i?  t 


'STEUBEN 


ADAS  MS 


ORN 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllto  !:■  .Fit  U  rl>ai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  S.  E  Ika?  la  [  P  i^e  et  P  ilk  c(ial  Ikue  itKjat- 1 
TleiesaJelt  &ok,  Pi Itc^al  Ik Litigator 


State  of  Indiana 
Critical  Counties  (11) 


County 

Mill. 

PGA 

Max. 

PGA 

Daviess 

0.05 

0.15 

Dubois 

0.06 

0.06 

Gibson 

0.06 

0.1  5 

Greene 

0.05 

0.06 

Knox 

0.05 

0.1  5 

Pike 

0.15 

0.1  5 

Posey 

0.1.5 

0.1  5 

Spencer 

0.06 

0.15 

Sullivan 

0.05 

0.05 

Vanderburgh 

0.15 

0.25 

Warrick 

0.15 

0.1  5 

Legend 

PGA  (g) 

0.05-0.1 
=3  0.1  -0.15 
0.15-0.2 
—  0.2-0.25 

Major  Cities 


50,000  -  1 00,000 
100,001  -  200,000 
200 ,001  -  753 ,000 
Interstates 
US  Routes 
Critical  Counties 
Rivers 


Critical  coutle*  are  Hose  tl at  expe Me i ce  tie  gieafest 
pioPd) IIV  ci r  neacllig  tie  ipecMecI  damage  itit  Fen 
deTli  ltl:.i  i  or  Com  pie t'  a  i- 1  'A  t  Leait  Male  rat-'  clam  age 
itrtei  pleate  com  It  tie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Police  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


'-STEUBEN 


ADTsMS 


□RN 


State  of  Indiana 
Critical  Counties  (11) 


Ccurty 

Total  No. 

of 

Facilities 

At  Least 
Moderate 
Damage 

Complete 

Damage 

Daviess 

3 

D 

u 

DLboi  s 

5 

[i 

0 

Gi  be  on 

3 

D 

U 

Greene 

5 

D 

0 

Knox 

3 

0 

U 

Pike 

4 

D 

111 

Posey 

5 

D 

U 

Spencer 

2 

D 

0 

Sullivan 

3 

D 

0 

Vanderburgh 

7 

D 

0 

Wafri  ok 

4 

D 

0 

Legend 

Police  Station  Damage 
At  Least  Moderate 


* 

Highly  Unlikely 

# 

Unlikely 

o 

Moderate  Likelihood 

O 

Highly  Likely 

* 

Certain 

Interstates 

- . 

US  Routes 

□ 

Critical  Counties 

Rivers 

0  10  20  40  60 


Miles 


W!  i  (I  -  A  me  ric  a  Ea  rth  qu  ake  C  e  nt  er 

Lit  he  rt  It,-  or  llllto  k.  -at  U  ilxai  a-C  lam  pa  tj  t ,  llllio  t .  US.*. 

Am  r  0.  E  lias  la  [  P  ra|e  ct  P  lit  c(>al  live  Jtkpt  r 
TlenesaJeflrE-oi.P literal  li ueitlgatu 


Critical  cciille*  are  tlcse  tl  at  expe  rle  i  ce  tie  gieatst 
pnoO*ll^  or  reacllig  tie  jpecltled  damage  itit.  For 
detli  Ittoi  i  or  Com  pie  t'  a  id  'A  t  Lea&t  Mole  rat-'  dam  age 
itrtei  pleate  coi  s  i  it  H  e  attack  ed  doom  e  i  t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Police  Station  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


□RN 


State  of  Indiana 
Critical  Counties  (11) 


County 

Ho.  of 
Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Daviess 

3 

3 

Dubois 

5 

5 

Gibson 

3 

3 

G  reene 

5 

5 

Knox 

3 

3 

Pike 

4 

4 

Pos^r 

5 

5 

Spencer 

2 

2 

Sullivan 

3 

3 

Vanderburgh 

1 

7 

Warrick 

4 

4 

Legend 

Police  Station  Functionality 
Day  1 

*  Not  Functional 

*  Functional 

- Writer  states 


US  Routes 
Critical  Counties 
Riv  ers 


0  10  20 


40  60 


Miles 


■J  £_ 


W!  i  (I  -  A  me  ric  a  Ea  rth  qu  ake  C  s  nf  er 

Ut  he  rt  It,-  or  llllto  k.  -at  U  iImi  a-C  lam  pa  tj  t ,  llllio  t .  US* 

Am  r  0.  E  lias  la  t  P  ra|e  et  P  lit  e(>al  live  itVjat-  r 
TlenesaJeflrE-oi.P illegal  li ueitlgatu 


Critical  coiille*  are  tlcse  tl  at  expe  rle  i  ce  tie  gieatest 
pnoO*ll^  or  reading  tie  jpecined  damage  itit.  Foi 
deTli  Ittoi  i  or  Com  pie  t'  a  id  'A  t  Lea&t  Male  rat-'  dam  age 
itrtei  pleate  coi  s  i  it  H  e  attack  ed  docim  e  i  t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


733 


Port  Facility  Damage  - 

New  Madrid  Seismic  Zone:  1 

VI7.7  Event  March  2008 

'STEUBEN 


AD£  MS 


ORN 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

lii  be  re  rt,  or  llllto  K  .Fit  U  rtxai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA. 

Am  i  0.  E  Ika?  la  [  P  i^e  ct  P  ilk  c^al  Ikue  itlgat- 1 
TleiesaJetS-  &oi,  Pi ltcj :-al  Ik ueitlgatir 


State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No. 
of 

Facilities 

At  Least 

M  oderate 
Damage 

Com  pi  ete 
Damage 

Posey 

£i 

D 

D 

Spencer 

ID 

D 

D 

Vanderburgh 

4 

D 

D 

Warrick 

2 

D 

D 

Daviess 

0 

D 

D 

DLJoois 

D 

D 

D 

Gi  bscn 

D 

D 

D 

Greene 

D 

D 

D 

Knox 

D 

D 

D 

Pike 

D 

D 

D 

Sufi  i  van 

D 

D 

D 

Legend 

Port  Facility  Damage 
At  Least  Moderate 

►  Highly  Unlikely 
Unlikely 

Moderate  Likelihood 
Highly  Likely 
Certain 
Interstates 
US  Routes 
Critical  Counties 
Rivers 


o 

O 


Critical  coutle*  are  Hose  tl at  expe Me i ce  tie  gieafest 
pioDdilfc  or  neacllig  tie  ipecMecI  damage  itit  For 
defli  ltl:.i  i  or'Ccrm  pie t '  a  i- 1  'A  t  Leait  Male  rat-'  clam  age 
itrtei  pleate  com  it  He  attacked  docime  ifGUIDE 
FOP  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Potable  Water  Facilities  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


PORT 


LAGRANGE 


SAi  NT/JO  SEP 


PORTER 


KOSCIUKO 


STAR 


MAR*  HALL 


FULTON 


PULASKI 


'■■VABASH 


I  WHITE 


lENTQtJ 


MIAMI’ 


CARROLL 


GRANT 


H  IfWARD 


L  AC  K  F  0  K 0 


CLINTON 


tEL  AWARE- 


TIPTON 


RAN  DC  J.PH 


MADISON 


H^  ,'IILTON 


TIONTCIOMER 


vEf:  MILLION 


i-EN&me 


PARKE 


FAYETT  E._^. 


MOP^GAN 


SHELBY 


CLAY 


FRANKL 


VIGO 


MONROE 


IP  LEY, 


BROWN 


•JENNING 


JACKSQI 


LAWRENCE 


KNOX 


SWITZERLAND 


DAVIESS 

■isiliU 


WASH  I'M  GT  ON 


CLARK 


orange 


PIKE 


Dll  BO  IS 


CWFOR 


WARRICK 


PERRY 


Harrison 


NiBffSURGH 


KALB 


WAF 


REN 


State  of  Indiana 
Critical  Counties  (11) 


Courty 

Total  No. 

cf 

Facilities 

At  Least 

M  oderate 
Damage 

Complete 
Da  image 

Daviess 

2 

0 

0 

Ddnoi  s 

3 

U 

0 

Gi  hson 

1 

D 

0 

Greene 

1 

0 

0 

Knox 

1 

U 

0 

Pike 

2 

0 

0 

Posey 

1 

0 

0 

Spencer 

1 

0 

0 

Sullivan 

2 

D 

D 

Vanderburgh 

1 

0 

0 

Warn  ck 

1 

0 

0 

Legend 


Potable  Water  Facility  Damage 
At  Least  Moderate 

Highly  Unlikely 
Unlikely 

o  Moderate  Likelihood 
#  Highly  Likely 
O  Certain 

Potable  Water  Pipeline  Damage 
No.  of  Leaks 
0-2 
2-5 

•  10-20 

•  20  -  37 

-a  Interstates 


US  Routes 


Critical  Counties 


Rivers 


0  10  20  40  60 


Miles 


Wi  i  (I  -  A  me  ric  a  Ea  rt  h  qu  ake  C  s  nt  er 

Ui  be  rt  It,-  or  llllio  I;  art  U  iImi  a-C  Kirn  pa  tj  i ,  llllio  t .  US* 

Am  r  S.  E  lias  la  [  P  ra|e  ct  P  lit  e(>al  live  rtlgafc  r 
Tl  e  ne  ?a  Je  IS-  e-o  i .  P literal  It ueitlgatii 


Critical  cantier  are  Awe  Hat  expert  ice  tie  g  safest 
pnoDdi  lit-  of  react  lig  tie  specified  danzxje  itat.  For 
(lerii  ltt:-i  i  oT'Ccm  pie  t '  a  id  'At  Lea&t  Mode  rat'  darn  age 
itrtei  please  com  It  tie  attached  docime  ifGUIDE 
pjR  IMPACT  .ASSESSMENT  TERMINOLOGY.- 
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Prisons  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


'STEUBEN 


ADAS  MS 


ORN 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

lii  be  rr  rt,  or  llllto  !:■  at  U  rl>ai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA. 

Am  i  C.  E  Ika?  la  [  P  io|e  ct  P  ilk  c^al  Ikue  itlgat- 1 
TleiesaJett  eoi,  Pi lic| :-al  Ik ueitlgatir 


State  of  Indiana 
Critical  Counties  (11) 


County 

No.  of 
Facilities 

Daviess 

1 

Dubois 

0 

Gibson 

1 

Greene 

1 

Knox 

1 

Pike 

1 

Posey 

1 

$p encer 

1 

Sullivan 

2 

Vanderburgh 

1 

Warrick 

1 

Legend 

*  Prisons 

MMI 

<vi 

Interstates 
US  Routes 
[Critical  Counties 
Rivers 


Critical  ooutle*  are  Hose  tl at  expe Me i ce  tie  gieatst 
piohdillt  or  neacllig  tie  tpe  elded  damage  Jtrt  For 
defli  ltl:.i  i  or'Ccrm  pie t'  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  it  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Railway  Bridge  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


ORN 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

lii  be  rr  rt,  or  llllto  K  .Fit  U  iImi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  C.  E  Ika?  la  [  P  i^e  et  P  ilk  c(ial  Ikue  itKjat- 1 
TleiesaJett  &oi,  Pi Itcpal  Ik ueitlgatir 


County 

Ho.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Greene 

1 

1 

Know 

2 

2 

Sullivan 

1 

1 

Vanderburgh 

2 

2 

Daviess 

0 

0 

Dubois 

0 

0 

Gibson 

0 

0 

Pike 

0 

0 

Posey 

0 

0 

Spencer 

0 

0 

Warrick 

0 

0 

State  of  Indiana 
Critical  Counties  (11) 


Legend 

Railway  Bi  idtje  Functionality 
Bay  1 

*  Not  Functional 

*  Functional 

Interstates 
US  Routes 
Critical  Counties 
Riv  ers 


Critical  ooutle*  are  Hose  tl at  expe Me i ce  tie  gieatst 
prooaniv  or  neacllig  tie  ipecMecI  damage  Jtrt  For 
defli  ltl:.i  i  or'Ccrm  pie t'  a  i- 1  'A  t  Leait  Male  rat-'  clam  age 
itrtei  pleate  com  it  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ACC  ECCM  El  IT  TERMINOLOGY.- 
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Railway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


Wi  i  d  -  A  me  ric  a  Ea  rlh  qu  ake^e  nt  er 

Ut  be  n  It,-  or  llllio  k.  -Fit  U  faai  a-C  lam  pa  tj  1 ,  llllio  t .  US* 

Am  r  0.  E  lia?  la  [  P  ide  ct  P  lit  c(>al  live  r 
Tl  e  ne  ?a  Je  IS-  &o  1 .  P rlic(aal  li ueittptu 


Critical  contfe*  are  Hose  tl at  expe rle  1  ce  tie  gs  latest 
pnotdJll^  or  leacllig  tie  jpeclfled  damage  jftte  F01 
clem  Itfci  i  orccm  pie  t '  a  id  '.A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No 
of 

Facilities 

At  Least 
Moderate 
Damage 

Complete 

Damage 

Greene 

1 

D 

D 

Knox 

2 

D 

Ci 

Sullivan 

1 

D 

D 

Vanderburgh 

2 

D 

D 

Daviess 

LI 

D 

D 

Dubois 

Ci 

D 

D 

Gi  bscn 

Ci 

D 

D 

Pike 

Ci 

D 

D 

Posey 

Ci 

D 

Ci 

Spencer 

0 

D 

D 

Warrick 

CI 

D 

Ci 

Legend 

Railway  Bridge  Damage 
At  Least  Moderate 


Highly  Unlikely 
Unlikely 

o  Moderate  Likelihood 
O  Highly  Likely 
O  Certain 

Railway  Segment  Damage 
At  Least  Moderate 

Highly  Unlikely 
Unlikely 

Moderate  Likelihood 
Interstates 
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School  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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School  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Indiana 
Critical  Counties  (11) 


County 

Ho.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Daviess 

21 

21 

Dtri>ois 

21 

21 

Gibson 

19 

20 

Greene 

14 

14 

Knox 

IS 

18 

Pike 

5 

5 

Posey 

14 

14 

Spencer 

13 

13 
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10 

10 
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14 

66 

Warrick 
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21 
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School  Functionality 
Day  1 
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Total  Debris  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

Brick/ 

Wood 

(Tons) 

Concrete/ 

Steel 
(T  ore ) 

Total 

Debri  s 
( T ore ) 

Dayiess 

2,421 

7  S3 

3,205 

Dubois 

2  J3  77 

S77 

3,754 

Gibson 

4,770 

1 ,302 

6,163 

G  ree  re 
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100 

1,013 

Knox 

1  ,1  00 
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1 ,353 

Pike 

4,621 

1 ,407 

6,110 
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205 
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Total  Population  <2000)  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Indiana 
Critical  Counties  (11) 


County 

Population 

Da  vi  e$$ 

44,373 

Dubois 

62,739 

Gibson 

50,515 

Greene 

46,832 

Knox 

69,133 

Pike 

28,529 

Posey 

27.061 

Spencer 

31,088 

Sullivan 

33,573 

Vanderburgh 

171,922 

Warrick  | 

55,182 
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Waste  Water  Facilities  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Daviess 

5 
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Airport  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 
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State  of  Indiana 
Critical  Counties  (11) 
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Posey 
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D 
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Airport  Functionality  at  Day  1  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 


□RN 


Wl  i  cl  -  A  me  rica_Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllto  K  .Fit  U  iImi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA. 

Am  i  0.  E  Ika?  la  [  P  i^e  ct  P  ilk  opal  Ikue  itKjat- 1 
TleiesaJetS-  &oi,  Pi Itcpal  Ik ueitlgator 


State  of  Indiana 
Critical  Counties  (11) 


County 

llo.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Daviess 

1 

1 

Dubois 

2 

2 

Gibson 

7 
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Greene 

3 
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Knox 
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Worst  Case  Casualties  (2AM)-  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 


County 

Mo.  ot 
njune  i 
■  Ml  nor  Sr 

Se  vs  re  i 

HO.  OT 
Ritalltlei 

Total  MO. 

Ot 

Ca  i  ualll  e  i 

Davie  ii 

26 
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10 
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IQ 

Gl  b  ion 
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1  332 

PI  he 

o 
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3 
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0 
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33 

1 

39 
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2  .see 

129 
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Communication  Facility  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

Total  Ho. 
of 

Facilities 

At  Least 
Moderate 
Damaae 

Complete 

Damage 

Daviess 

167 

0 

0 

Ddoois 

274 

0 

0 

Gi  bscn 

235 

35 

0 

Greene 

155 

0 

0 

Knox 

301 

230 

0 

Pike 

127 

0 

0 

Posey 

200 

0 

0 

Spencer 

127 

0 

0 

Soil  i  van 

134 

117 

0 

'v'anderbLrgh 

507 

0 

0 

Wamck 

213 

0 

0 
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Dams  -  Wabash  Valley  Seismic  Zone:  IVI7.1  Event 


March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

No.  of 

Facilities 

Daviess 
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Displaced  Population  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


Count  y 

Di  spl  aned 
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Est  i  iri^  e  of 

Di  spl  spied 
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Pi  ke 

0 

0 

Posey 
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1,030 

Spencer 

0 

0 
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31 

86 

Vanderburgh 
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14,226 

Warn  ck 

0 

0 
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Electric  Power  Facility  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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of  Moderate  ^nplete 

Facilities  Damage  ma^e 

Dubois 

4  Q  Cl 

Gib  sen 
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8  8  D 
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• 
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Emergency  Oper.  Center  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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Moderate 

Damage 

Com  pi  ete 
Damage 

Knox 
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D 

0 

Posey 
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D 

D 

Spencer 

1 

D 
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Sull  i  van 
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D 
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D 
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U 
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EOC  Functionality  at  Day  1  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


Comity 

No.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Knox 

0 

1 

Posey 

0 

1 

Spencer 

1 

1 

Sullivan 

2 

2 

Vanderburgh 

1 

1 

Daviess 

0 

0 

Dubois 

D 

0 

Gibson 

G 

0 

Greene 

0 

0 

Pike 

0 

0 

Wariick 

0 

0 

Legend 

Emergency  Operation  Center 
Functionality  at  Day  1 

o  Not  Functional 
*  Functional 

interstates 


US  Routes 
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Fire  Station  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 
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County 
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At  Least 
Moderate 
Damage 

Complete 

Damage 

Daviess 

12 

D 

D 

Deb  pis 

14 

D 

0 

Gi  bsoFi 

13 

D 

D 

Greene 

14 

D 

D 

Knox 

19 

D 

D 

Pike 

8 

D 

D 

Posey 

ID 

D 

D 

Spencer 

7 

D 

D 

Sullivan 

12 

D 

D 

Vanderburgh 

26 

D 

D 

Warrick 

11 

D 

D 

Legend 

Fire  Station  Damage 

At  Least  Moderate 


i 

Highly  Unlikely 
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Fire  Station  Functionality  at  Day  1  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

Ho.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Daviess 

11 

12 

Dubois 

14 

14 

Gibson 

13 

13 

Greene 

14 

14 

Knox 

14 

19 

Pike 

8 

8 

Posey 

4 

10 

Spencer 

7 

7 

Sullivan 

12 

12 

Vanderbuijjh 

26 

26 

Wanick 

11 

11 

Legend 

Fire  Station  Functionality 
Day  1 

*  Not  Functional 

*  Functional 

■Interstates 
US  Routes 
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clem  ltl:.i  i  or'Ccrm  pie  t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  non  skit  tie  attacked  docime  ifGUIDE 
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Hazardous  Materials  Facilities  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

No.  of 
Facilities 

Daviess 

30 

Dubois 

62 

Gibson 

45 

Greene 

4 

Knox 

20 

Pike 

27 

Posey 

62 

Spencer 

24 

Sullivan 

16 

Vanderburgh 

73 

Warrick 

56 

Legend 
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Critical  contle*  are  tics*  tl  at  expe  rle  i  ce  tl*  gieatst 
pnoO*ll^  or  neacllig  tl*  jpeeffled  damage  itit.  For 
deTli  Itbi  i  ot'CcfTi  pi*  t'  a  id  'A  t  Lea&t  r.lcd*  rat-'  dam  age 
itrtei  please  coi  ?  i  it  H  *  attack  *d  dccim  *  i t’G  U  ID  E 
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Highway  Bridge  Functionality:Day  1  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


Comity 

Ho.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Daviess 

1 36 

1  36 

Dubois 

194 

194 

Gibson 

296 

296 

Greene 

201 

201 

Knox 

288 

288 

Pike 

1 36 

1  36 

Posey 

1 91 

191 

Spencer 

212 

212 

Sullivan 

204 

204 

Vanderburgh 

1 89 

189 

Wanich; 

1 73 

1  73 

Legend 

Highway  Biitlge  Functionality 
Day  1 

o  Not  Functional 
,:i  Functional 

►Interstates 
US  Routes 
| Critical  Counties 
Rivers 


Critical  ooutle*  are  Hose  tl at  expe Me i ce  tie  gieafest 
pnoOdJll^  or  neacllig  tie  tpecMKl  damage  itit  For 
defli  Itfei  i  or'Ccrm  pie t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  please  com  it  He  attaoled  docime  ifGUIDE 
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Highway  Bridge  &  Segment  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No  .  At  Least 
of  Moderate 

Facilities  Damage 

Co  replete 
Damage 

C&ui  e; 
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0 

0 

Dubois 
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0 

0 

Gibson 
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0 

0 

Greene 

201 

0 

0 

Knew 

288 

0 

0 

Pike 

130 

0 

0 

Posey 

1.91 

0 

D 

Spencer 

212 

0 

0 

Sd  1  ivan 

204 

0 

0 

Varderbiungh 
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0 

0 

V1  Ar  rick 

173 

0 

0 
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At  Least  Moderate 

Highly  Unlikely 
Unlikely 
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Hospital  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 


'STEUBEN 


AD£  MS 


□RN 


State  of  Indiana 
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Greene 
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0 
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K  nox 
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Sullivan 
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0 

Vanderbu 
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0 
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0 
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Hospital  Functionality  at  Day  1  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 
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Liquefaction  Susceptibility  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 
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Modified  Mercalli  Intensity  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 


State  of  Indiana 
Critical  Counties  (11) 


County 

Max.  IVW1I 

Daviess 

VII 

Dubois 

VI 

Gibson 

VII 

Greene 

VII 

Knox 

VIII 

Pike 

VI 

Posey 

VII 

Spencer 

VI 

Sullivan 

IX 

Vanderburgh 

VII 

Warrick 

VI 

Legend 

MMI 

<VI 

Major  Cities 

O  50,000-  100,001:1 
#  100,001  -  200,000 
O  200,001  -  753,000 
Interstates 
US  Routes 
Critical  Counties 
Rivers 


0  10  so  4:1  eo 

‘I  1 

-  - 

Miles 


Hnmmoinl 


WA 


Wl  i  cl  -  A  me  rica_Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  It,-  or  llllio  K  at  U  rtsi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  1  C.  E  Ika?  la  l  P  ro|e  ct  P  ilk  c^al  Ikue  ifltpt- 1 
TleiesaJett  eoi,  Pi Iko^al  Ik ueitlgatir 


Critical  ooutle*  are  Hose  tl at  expe Me i ce  tie  gieatst 
pnotdJll^  or  neacllig  tie  ipecMed  damage  itit  For 
dem  ltl:.i  i  or'Ccrm  pie  t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


761 


Natural  Gas  Facility  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 


Wl  i  cl  -  A  me  rica_Ea  rlh  qu  ak^C  e  nt  er 

lii  be  rs  rt,  or  llllio  K  .Fit  U  rl>ai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  0.  E  Ika?  la  [  P  i^e  ct  P  ilk  c(ial  hue  iflgat- 1 
TleiesaJett  &oi,  Pi Itc^al  Ik ueitlgatir 


State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Damage 

Compl  ete 
Damage 

□tipis 

1 

0 

0 

Greene 

4 

0 

0 

Pike 

2 

0 

0 

Daviess 

L"l 

D 

U 

Gibson 

0 

D 

0 

Knox 

0 

D 

U 

Posey 

0 

D 

LI 

Spencer 

0 

D 

0 

Sul  li  van 

0 

D 

L"l 

'v'anderbLrgh 

[1 

D 

D 

Warrick 

0 

D 

0 

Legend 


Nmuml  Gas  Facility  Damage 
At  Least  Moderate 
-  Highly  Unlikely 
Unlikely 

O  Moderate  Ukelihood 
O  Hi ghly  Likely 
U  Certain 

—  N  a  tu  ra  I  G  a  s  P  ip  el  r  n  e  s 
Interstates 
US  Routes 
Critical  Counties 
Rivers 


■10  20 


rto 


60 


Miles 


•J.SL 


Critical  coutle*  are  Hose  tl at  expe Me i ce  tie  gieatst 
pnotajll^  or  neacllig  tie  ipecMed  damage  itit  For 
clem  ltl:.i  i  or'Ccm  pie t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  coir  kit  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASS  BOM  ENT  TERMINOLOGY.- 
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Oil  Facility  Damage  -  Wabash  Valley  Seismic  Zone:  M7.7  Event 


March  2008 


'STEUBEN 


ADfi  MS 


ORN 


Wl  i  cl  -  A  me  rica_Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllto  K  .Fit  U  rl>ai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  C.  E  Ika?  la  [  P  i-Dfe  et  P  ilk  c(ial  hue  itKjat- 1 
TleiesaJetS-  e-ci,  Pi Itc^al  Ik ueitlgator 


State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No. 
of 

Facilities 

At  Least 

Moderate 

Darnaoe 

Compete 

Damage 

Gibson 

7 

1 

0 

Oreere 

2 

D 

0 

Pike 

1 

0 

D 

Posey 

14 

0 

0 

Sui  lioan 

2 

2 

LI 

Vanderbun^a 

e 

0 

[i 

V'.’drri  ck 

s 

0 

0 

Daoiess 

[1 

D 

[i 

Dubor  s 

D 

0 

D 

Knox 

D 

0 

0 

Spencer 

D 

L'l 

0 

Legend 

Oil  Facility  Damage 

At  Least  Moderate 

Highly  Unlikely 
Unlikely 

O  Moderate  Likelihood 
O  Highly  Likely 

Q  Certain 

—  Oil  Pipelines 
Interstates 
US  Routes 
Critical  Counties 
Rivers 


Critical  coutle*  are  Hose  tl at  expe Me i ce  tie  greatest 
pnoCdJll^  or  neacllig  tie  jpeclfled  damage  Jtrte  For 
clem  ltl:.i  i  or'Ccrm  pie  t '  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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20  ,  | 
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Peak  Ground  Acceleration  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 


State  of  Indiana 
Critical  Counties  (11) 


County 

Min. 

PGA 

Max. 

PGA 

Daviess 

0.15 

0.25 

Dubois 

0.15 

0.15 

Gibson 

0.15 

0.25 

Greene 

0.15 

0.25 

Knox 

0.25 

0.45 

Pike 

0.15 

0.15 

Posey 

0.15 

0.25 

Silencer 

0.15 

0.15 

Sullivan 

0.25 

0.55 

Vanderburgh 

0.15 

0.25 

Wanick 

0.15 

0.15 

Legend 

PGA  (g) 

0.05-0.15 
Hi  0.15  -0.25 
0.25-0.35 
m  0.35-0.45 
m  0.45  -0.55 

Major  Cities 

O  50,000-  100,000 
#  100,001  -  200,000 
O  200,1301  -  753,000 
Interstates 
US  Routes 
Critical  Counties 
Rivers 


o  10  HU  40  eo 

4  i. 

—  - 

Miles 


Critical  coiitfe*  are  tlc&e  tl at  expe rle i ce  tie  gieatst 
pnotdJll^  or  reacllig  tie  tpecMed  damage  itit  For 
detli  Itfci  i  orccm  pie  t'  a  id  'A  t  Leait  r.lcde  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacled  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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.Am  r  O.  E  lias  la  [  P  Me  ct  P  ill  e(>al  live  itfcpt-  r 
TleresaJert-E-oi.P rlio^al  li uertlgatu 
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Police  Station  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 


'-STEUBEN 


AD£  MS 


□RN 


State  of  Indiana 
Critical  Counties  (11) 


Courty 

Total  No. 
of 

Facilities 

At  Least 

Moderate 

Damage 

Complete 

Damage 

Daviess 

3 

D 

D 

Di±ioi  s 

5 

D 

D 

Gi  bson 

3 

D 

D 

Greene 

5 

D 

D 

Knox 

3 

D 

Ll 

Pike 

4 

D 

D 

Posey 

5 

D 

D 

Spencer 

2 

D 

D 

Sullivan 

3 

0 

D 

Vanderburgh 

7 

0 

0 

Warn  ck 

4 

0 

0 

Legend 

Police  Station  Damage 

At  Least  Moderate 


i 

Highly  Unlikely 

• 

Unlikely 

Moderate  Likelihood 

O 

Highly  Likely 

O 

Certain 

Interstates 

- - 

US  Routes 

□ 

Critical  Counties 

Riv  ers 

0  10  20  40  60 


Miles 


•Jr: 


W!  i  (I  -  A  me  ric  a  Ea  rth  qu  ake  C  e  nt  er 

Ut  h'H  rt  It,-  or  illlio  k.  -at  U  iImi  a-C  lam  pa  tj  t ,  llllio  t .  US* 

Am  r  0.  E  lias  la  t  P  ra|e  ct  P  lit  c(>al  live  Jtkpt  r 
TlenesaJeflrE-oi.P  rlic(3al  li  ue  itlgatu 


Critical  coiilfe*  are  tlofe  tl  at  expe  rle  i  ce  tie  gieafest 
pnoO*ll^  or  reacllig  tie  jpecltled  damage  itit.  For 
detli  Itfci  i  or  Com  pie  t '  a  id  'A  t  Lea&t  Mode  rat-'  dam  age 
itrtei  pleate  coi  s  i  it  H  e  attack  ed  doom  e  i t’G  U  ID  E 
FI'  R  IMPACT  ACCECCr.lEIIT  TERMINOLOGY.- 
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Police  Station  Functionality  at  Day  1  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 


□RN 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllto  K  .Fit  U  iImi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
Am  i  C.  E  Ika?  la  [  P  i^e  ct  P  ilk  c^al  Ikue  itKjat- 1 
TleiesaJett  &oi,  Pi lief :-al  Ik ueitlgatir 


County 

Ho.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Dnuim 

3 

3 

Dubois 

4 

5 

Gibson 

3 

3 

Greene 

5 

5 

Knox 

1 

3 

Pike 

4 

4 

Posey 

2 

5 

Spencer 

2 

2 

Sullivan 

3 

3 

VniKlerbui  till 

7 

7 

Wm  rick 

4 

4 

State  of  Indiana 
Critical  Counties  (11) 


Legend 

Police  Station  Functionality 
Pay  1 

*  Not  Functional 

*  Functional 

Interstates 
US  Routes 
Critical  Counties 
Riv  ers 


Critical  coutle*  are  Hose  tl at  expe Me i ce  tie  gieatst 
pnoOdJll^  or  neacllig  tie  tpecMKl  damage  Jtrt  For 
clem  ltl:.i  i  or'Ccrm  pie  t'  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Port  Facility  Damage -Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 


ORN 


Wl  i  cl  -  A  me  rica_Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllto  K  .Fit  U  rlxai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA. 

Am  i  C.  E  Ika?  la  [  P  icie  ct  P  ilk  opal  Ikue  itKjat- 1 
TleiesaJett  &oi,  Pi Iko^al  Ik ueitlgatir 


State  of  Indiana 
Critical  Counties  (11) 


County 

Total  No. 
of 

Facilities 

At  Least 
Moderate 
Damaofi 

Oirnpi  de 
Damage 

Posey 

20 

D 

U 

Spencer 

10 

D 

D 

Vanderburgh 

4 

D 

D 

V'&rri  ok 

2 

D 

U 

Daviess 

D 

D 

U 

Dubois 

[i 

[i 

D 

Gib  sort 

D 

D 

U 

Greene 

D 

D 

0 

Knox 

D 

D 

0 

Pike 

D 

D 

0 

Sd  liven 

D 

D 

0 

Legend 

Port  Facility  Damage 

At  Least  Moderate 

Highly  Unlikely 
Unlikely 

Moderate  Likelihood 
Highly  Likely 
Certain 
Interstates 
US  Routes 
Critical  Counties 
Riv  ers 


o 

O 


Critical  coutle*  are  tlc&e  tl  at  expe  Me  i  ce  tit  gieatst 
pnoOdJll^  or  neacllig  tie  elded  damage  Jtrt  For 
defli  ltl:.i  i  or'Ccm  pie  t'  a  id  'A  t  Leait  Mode  rat-'  dam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Potable  Water  Facilities  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 


□RN 


State  of  Indiana 
Critical  Counties  (11) 


Ccxlrty 

Total  No. 

of 

Facilities 

At  Least 
Mode  rate 
Damaae 

Complete 

Damage 

Day  less 

2 

D 

D 

□uftbi  s 

3 

D 

D 

Gi  bson 

1 

1 

D 

Greene 

1 

[i 

LI 

Knox 

1 

1 

0 

Pi  he 

2 

D 

D 

Posey 

1 

0 

D 

Spencer 

1 

D 

D 

Sull  iuan 

2 

2 

D 

VanderbLrgh 

1 

[i 

D 

'vVarri  ch 

1 

D 

D 

Legend 

Potable  Water  Facility  Damage 
At  Least  Moderate 

Highly  Unlikely 
Unlikely 

o  Moderate  Likelihood 
O  Highly  Likely 
O  Certain 

Potable  Water  Pipeline  Damage 
Ho.  of  Leaks 

0-2 
2-10 
10  -  25 

■  25  -  75 

■  75-1  60 

■  Hnte  rstates 


US  Routes 


Critical  Counties 


Rivers 


0  10  20  60 


Miles 


W!  i  tl  -  A  me  ric  a  Ea  rt  h  qu  ake  C  e  nt  er 

Ut  be  rt  It,-  or  llllio  k.  -at  U  iImi  a-C  lam  pa  tj  t ,  llllio  t .  US.*. 

Am  r  O.  E  lias  la  [  P  ra|e  et  P  lit  e(>al  live  Jtlgafc  r 
TlenesaJeflrE-oi.P moral  li ueitlgatu 


Critical  contle*  are  tlcse  tl  at  expe  rle  i  ce  tie  gieatest 
pnoO*ll^  or  reading  tie  jpecffled  damage  itit.  For 
deTli  ttt:.i  i  of  Com  pie  t '  a  id  'A  t  Lea&t  Male  rat-'  dam  age 
itrtei  pleate  coi  ?  i  it  H  e  abaci  ed  doom  e  i  t’G  U  ID  E 
FI'  R  I  MPA -IT  .ASSESSMENT  TERMINOLOGY.- 
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Prisons  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 
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Wi  i  (I  -  A  me  ric  a  Ea  rlh  qu  ake  C  e  nl  er 

Ut  be  rt  It,-  or  llllko  k.  -at  U  iImi  a-C  lam  pa  tj  t ,  llllio  t .  US.*. 

Am  r  0.  E  lias  la  t  P  ra|e  ct  P  lit  e(>al  live  fttgato  r 
Tl  e  ne  ?a  Je  IS-  e-c  i .  P literal  li ueittptu 


State  of  Indiana 
Critical  Counties  (11) 


County 

No.  of 
Faciliti  es 

Daviess 

1 

Dubois 

0 

Gibson 

1 

Greene 

1 

Knox 

1 

Pike 

1 

Pose/ 

1 

Spencer 

1 

Sullivan 

2 

Vanderburgh 

1 

Warrick 

1 

Legend 

*  Prisons 

MMI 

<VI 


Interstates 
US  Routes 
Critical  Counties 
Rivers 


0  10  20  4H  60 

-  -  T?y. 

Miles 


Critical  contle*  are  tlcse  tl  at  expe  rle  i  ce  tie  gieatst 
piobabllt  or  reaoklig  tie  jpeeffled  damage  itit.  Foi 
clem  Ittoi  i  ot'Cam  pie  t'  a  id  'A  t  Lea&t  Male  rat-'  dam  age 
itrtei  pleate  coi  ?  t  it  H  e  attack  ed  doom  e  t t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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Railway  Bridge  Functionality:  Day  1  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 


□RN 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllto  K  .Fit  U  iImi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA. 

Am  i  0.  E  Ika?  la  [  P  io|e  ct  P  ilk  c(ial  Ikue  itKjat- 1 
TleiesaJers-  &oi,  Pi lief :-al  Ik litigator 


Coiling 

Ho.  of 

Functional 

Facilities 

Totai 

Ho.  of 

Facilities 

Greene 

1 

1 

Knox 

2 

2 

Sullivan 

1 

1 

Vanderbirgh 

2 

2 

Davies 

0 

0 

Dubois 

0 

0 

Gibson 

0 

0 

Pike 

0 

0 

Posey 

0 

0 

S|>encer 

0 

0 

War  lick 

0 

0 

State  of  Indiana 
Critical  Counties  (11) 


Legend 

Railway  Bi  idtje  Functionality 
Bay  1 

*  Not  Functional 

*  Functional 

Interstates 
US  Routes 
Critical  Counties 
Riv  ers 


Critical  ooutle*  are  Hose  tl at  expe Me i ce  tie  greatest 
pnocajll^  or  neacllig  tie  ipecMecI  damage  Jtrte  For 
defli  ltl:.i  i  or'Ccrm  pie a  i- 1  'A  t  Leait  Male  rat-'  clam  age 
itrtei  pleate  com  it  He  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ACC  ECOM  El  IT  TERMINOLOGY.- 


770 


Railway  Bridge  &  Segment  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 


Wl  i  cl  -  A  me  rica_Ea  rth  qu  ak^C  e  nt  er 

lii  be  rt  rt,  or  llllio  !:■  .Fit  U  rl>ai  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA. 

Am  1  C.  E  Ika?  la  [  P  i^e  ct  P  ilk  c^al  Ikue  iflgat- 1 
TleiesaJett  &01,  Pi lief :-al  Ik ueitlgatir 


State  of  Indiana 
Critical  Counties  (11) 


Ccuriy 

Total  No. 

of 

Facilities 

At  Least 

Moderate 

Damage 

Complete 

Damage 

Greene 

1 

D 

0 

KnOX 

2 

D 

0 

Sull  iuan 

1 

D 

L"l 

Vandefourgh 

2 

D 

0 

Dari  ess 

[■ 

Ci 

0 

□Lbot  s 

LI 

D 

L"l 

Gi  hson 

Li 

D 

0 

Pike 

0 

0 

L‘l 

Posey 

0 

D 

0 

Spencer 

LI 

D 

0 

'vVarri  ok 

Cl 

D 

0 

o 


Legend 

Railway  Bridge  Damage 

At  Least  Moderate 

Highly  Unlikely 
Unlikely 

Moderate  Likelihood 
Highly  Likely 
O  Certain 

Railway  Segment  Damage 

At  Least  Moderate 

Highly  Unlikely 
Unlikely 

- -  M  o  d  e  ra  te  Li  k  e  It  h  o  o  d 

Interstates 
US  Routes 
Critical  Counties 
Riv  ers 


Critical  ooutle*  are  tlcse  tl  at  expe  Me  i  ce  tit  gieatst 
pnotajll^  or  reacting  tic  elded  damage  itit  For 
defli  ltl:.i  i  orcan  pie t'  a  id  'A  t  Leatt  Male  rat-'  clam  age 
itrtei  pleate  com  It  lie  attacked  docime  ifGUIDE 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 
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School  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 


IWMS 


□RN 


State  of  Indiana 
Critical  Counties  (11) 


County 

Total  Ho. 

of 

Facilities 

At  Least 
Moderate 
Damage 

Cornpf  ete 
Damage 

Daviess 

21 

0 

0 

Dubois 

21 

0 

0 

Gi  bscn 

20 

0 

0 

Greene 

14 

0 

0 

Knox 

18 

0 

0 

Rite 

5 

0 

0 

Posey 

14 

0 

0 

Speneer 

13 

0 

0 

Sul 1  iuan 

10 

0 

0 

Vanderburgh 

66 

0 

0 

Warrick 

21 

0 

0 

Legend 

School  Damage 

At  Least  Moderate 


i 

Highly  Unlikely 
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School  Functionality  at  Day  1  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 


State  of  Indiana 
Critical  Counties  (11) 


County 

Ho.  of 

Functional 

Facilities 
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Ho.  of 

Facilities 
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Total  Debris  -  Wabash  Valley  Seismic  Zone:  M7.1  Event 


March  2008 
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State  of  Indiana 
Critical  Counties  (11) 


County 
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(Tons  J 

Concrete, ■' 
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(Tons) 
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Debris 
(Tons ) 
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1.96 
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22 
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Total  Population  (2000)  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 


State  of  Indiana 
Critical  Counties  (11) 


County 

Population 

Da  vi  e$$ 

44,373 
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62,739 

Gibson 

50,515 

Greene 

46,832 

Knox 

69,133 

Pike 

28,529 

Posey 

27.061 

Spencer 

31,088 

Sullivan 

33,573 

Vanderburgh 

171,922 

Warrick  | 

55,182 
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Waste  Water  Facilities  Damage  -  Wabash  Valley  Seismic  Zone:  M7.1  Event  March  2008 


dijkalb 


State  of  Indiana 
Critical  Counties  (11) 


Lo'j-ity 

Total  No. 
of 

Facilities 

At  Least 

Moderie 

Damage 

Oorppjete 

Damage 
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0 
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Airport  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2003 


State  of  Kentucky  -  Critical  Counties  (25) 
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Airport  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2003 


State  of  Kentucky  -  Critical  Counties  (25) 
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Worst  Case  Casualties  (2PM)  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


State  of  Kentucky  -  Critical  Counties  (25) 
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Communication  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Kentucky  -  Critical  Counties  (25) 
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Dams  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Total  Debris  -  New  Madrid  Seismic  Zone:  M7.7  Event 


State  of  Kentucky  -  Critical  Counties  (25) 
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Displaced  Population  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2003 


State  of  Kentucky  -  Critical  Counties  (25) 
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Electric  Power  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2003 


State  of  Kentucky  -  Critical  Counties  (25) 
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Emergency  Operation  Center  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


State  of  Kentucky  -  Critical  Counties  (25) 
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Ferry  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Kentucky  -  Critical  Counties  (25) 
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Fire  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


State  of  Kentucky  -  Critical  Counties  (25) 
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Fire  Station  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Hazardous  Materials  Facilities  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Highway  Bridge  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event 


State  of  Kentucky  -  Critical  Counties  (25) 
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Highway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Kentucky  -  Critical  Counties  (25) 
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Hospital  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2003 


State  of  Kentucky  -  Critical  Counties  (25) 
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Hospital  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Kentucky  -  Critical  Counties  (25) 
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Liquefaction  Susceptibility  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2003 


State  of  Kentucky  -  Critical  Counties  (25) 
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Modified  Mercalli  Intensity  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


State  of  Kentucky  -  Critical  Counties  (25) 
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Natural  Gas  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Oil  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2003 
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State  of  Kentucky  -  Critical  Counties  (25) 
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Peak  Ground  Acceleration  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Police  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Police  Station  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Potable  Water  System  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Railway  Bridge  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Railway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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School  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


State  of  Kentucky  -  Critical  Counties  (25) 


Oou  nty 

Totil  Ho.  of 

Fiolllle  r- 

At  L  f -1  vt 

Mod  era*  Dim  age 

Com  pie* 
Dim  age 

Gou  nty 

Total  Ho.  or 

FaolWoc 

AtLoaot 

Moderate  Dim  age 

'Com  pie* 
Dim  age 

Ballard 

7 

7 

4- 

Living  (-ton 

5 

3 

0 

Caldwell 

6 

0 

0 

Logan 

15 

0 

0 

Cal  I*  wav 

13 

13 

0 

Lyon 

5 

0 

0 

Cdrll  ole 

4- 

4- 

4- 

Mo  Cra  oh  on 

23 

23 

23 

Chrlrtan 

27 

0 

0 

r.lo  Lean 

6 

0 

0 

CTlifenden 

3 

0 

0 

Mir  dial  l 

13 

13 

13 

Dn  ile  on 

+5 

0 

0 

Muhlenberg 

12 

0 

0 

Fulton 

0 

3 

■9 

Ohio 

12 

0 

0 

Ora  wd 

IS 

IS 

IS 

Todd 

7 

0 

0 

Hnnoo  oh 

+ 

0 

0 

Tilgg 

5 

0 

0 

Hendercon 

10 

0 

0 

Unlo  n 

7 

0 

0 

Hlnhman 

3 

3 

3 

Wet'  o*  r 

s 

0 

0 

Hopbine* 


Critical  do ii Ues  are  note  tk-at e 3C|*  it  tit  g le atest  probi llty 
or  leacl  li  t  He  specified  dan  age  sti*.  Fordelli  llois  or  Comp  let’ 
aid  At  Least  Mode  rat'  damage  states  please  coui  It  tie  attached 
dec  im  e  I  t’G  U  ID  E  FO  F  IM  PACT  ASSES 311  ENT  TEF'  Ml  NO  LOG  f 


Legend 

School  D  dm  dye 
At  Least  Moderate 
o  Highly  Unlikely 
O  Unlikely 

O  Moderate  Likelihood 
O  Highly  Likely 
*  Certain 


ritical  Counties 
Interdates 
US  Routes 
Ri  vers 


•id 


20 


40 


60 


Mil  as 


k. 


Mid-America  Earthquake  Center 

Ui  be  re  It  or  llllio  Is  at  U  il  -ai  a-C  lam  pa  g  i  llllio  t ,  USA 
Am  rs:  Elias  la  L  Project?  ilic|>al  liuestjgatu 
H e le sa  Je flr  &o i .  Pi lic()al  Ii uestlgator 


BOS 


School  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event 


State  of  Kentucky  -  Critical  Counties  (25) 
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Total  Population  (2000)  -  New  Madrid  Seismic  Zone:  M7.7  Event  March2008 


State  of  Kentucky  -  Critical  Counties  (25) 
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Waste  Water  System  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


State  of  Kentucky  -  Critical  Counties  (25) 
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Worst  Case  Casualties  (2PM)  -  New  Madrid  Seismic  Zone:  M7.7  Event  April 2008 
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State  of  Mississippi 
Critical  Counties  (25) 


Co  unt  v 

Thousands  of  Tons 

Bri  o  W 
Wood 

Co  nerd:  a1' 

Steel 

Total 

Debris 

AJ  com 

14.82 

8.83 

23.50 

Benton 

i2.ee 

11.47 

24.15 

Bo  li  var 

10.42 

9.63 

20.04 

Cal  houn 

3.06 

1.61 

4.67 

Ch  ic  kasa  w 

4.19 

2.25 

6.44 

Co  aho  ma 

i3.ee 

32.86 

46.51 

Besot  o 

360.68 

533.81 

894.49 

Grenada 

8.97 

9.81 

18.78 

it  awarnba 

4.36 

1.68 

6.03 

L  layette 

102.37 

278.90 

381.27 

Lee 

22.78 

15.97 

33.75 

Marshall 

64.19 

64.34 

128.53 

Monroe 

6.56 

2.54 

9.19 

Fan  ol  a 

49.73 

60.55 

110.28 

Pont  otoo 

4.194 

2.29 

7.24 

Prentiss 

5.23 

2.17 

7.40 

Quitman 

5.24 

6.er2 

11.86 

Sunf  lo  v-er 

5.57 

7.70 

13.27 

T  allahatchie 

11.03 

15.15 

28.13 

T  de 

72.97 

90.66 

163.63 

T  i  ppsh 

39.79 

50.79 

90:58 

T  i  sho  mi  ngo 

4.34 

1.84 

6.18 

T  uni  ca 

58.03 

C4.C4 

122.07 

On  io  n 

17.17 

12 .04 

29.21 

Yal  ob  usha 

2.40 

0.77 

3.17 

Legend 
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Displaced  Population  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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WINSTON  i 
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KEMPE 


SCOTT 


NEWTON 
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UEFRERSON 


WAYNE 


0ONES 


JEFF 


RSOII 


ALTHAl 


GEORG 


1  ARRIS  OH 


JACKSON 


COCK 


Giiltupit 


State  of  Mississippi 
Critical  Counties  (25) 


C  ounty 

□i  spl  aced 
Resi  d  an  ces 

Estimate  of 
Displaced 
Popul  ati  o  n 

Alcorn 

4Z 

101 

Benton 

79 

211 

B  ol  i  var 

42 

125 

Calhoijn 

0 

1 

C  hi  c  kasaw 

0 

1 

Coahoma 

71 

205 

□  esot  6 

4,139 

11,438 

Grenada 

35 

93 

It  d'.-a  mb  a 

0 

0 

L  ^  ayette 

313 

844 

Lee 

4 

9 

Marshal  1 

453 

1,318 

Mon  roe 

1 

2 

Pane  la 

304 

851 

Pontotoc 

0 

1 

Prentiss 

1 

2 

Quitman 

46 

1 30 

Su  nf  1  o  vver 

14 

50 

T  allahatchie 

33 

278 

T  ate 

737 

2,114 

T 1  pp  ah 

140 

359 

T  i  she  mi  ng  o 

0 

1 

T  un  i  oa 

881 

2,494 

Union 

78 

203 

Yal  obu  sh  a 

0 

1 

Legend 
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Electric  Power  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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TISHOMINGO 


•• 
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Stat€ 

Critic 

County 

of  Mississippi 
al  Counties  (25) 

Total  No.  At  Least 

of  Moderate  Complete 

Facilities  Da  mag:  Damage 

A  loom 

2 

D 

Ci 

Benton 

2 

D 

D 

Bolivar 

13 

D 

D 

Cal  houin 

1 

D 

D 

Chickas  aw 

2 

D 

D 

Coahoma 

24 

D 

D 

Desoto 

23 

23 

D 

Grenada 

5 

D 

Ci 

Itawamba 

3 

0 

0 

Lafayett  e 

2 

D. 

D 

Lee 

3 

D 

D 

Marshall 

1 

D 

D 

Morroe 

2 

0 

D 

Panola 

8 

D 

D 

Pontotoc 

1 

D 

D 

Prentis  s 

1 

D 

0 

Quitman 

1 

0 

0 

Sunt  1  ower 

11 

D 

Ci 

Tallahatchie 

2 

D 

D 

Tate 

2 

1 

D 

Tippah 

2 

D 

D 

Ti  shorn  ingo 

2 

0 

0 

T  unioa 

3 

Ci 

Ci 

Union 

10 

0 

0 

Yalobusha 

2 

D 

Ci 

Legend 

Electiic  Power  Facility  Damage 

At  Lfcist  Modern 
o  Highly  Unlikely 

O'  Unlikely 

O'  Moderate  Likelihood 
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^3 Critical  Counties 
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Emergency  Operation  Center  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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State  of  Mississippi 
Critical  Counties  (25) 

Total  No. 

At  Least 

■if 

Moderate 

Complete 

County 

Facilities 

Dam  age 

Damage 

A  loom 

D 

D 

D 

Benton 

D 

D 

D 

Bolivar 

1 

D 

D 

Calhoun 

0 

D 

D 

Chickasaw 

[i 

[i 

[i 

Coahoma 

[i 

[i 

[i 

Desoto 

1 

1 

D 

Grenada 

1 

D 

D 

Itawamba 

1 

D 

D 

Lafayette 

D 

D 

D 

Lee 

1 

D 

D 

M  ars  hal  1 

D 

D 

D 

Monroe 

1 

D 

D 

Panola 

1 

D 

D 

Pontotoc 

D 

D 

D 

Prentiss 

D 

D 

D 

Quitman 

D 

D 

D 

Sunflowe  r 

[i 

[i 

[i 

Tallahatchie 

1 

[i 

[i 

Tate 

0 

D 

D 

Ti  ppah 

D 

D 

0 

Ti  shomi  ngo 

1 

D 

D 

T  unioa 

D 

0 

D 

Union 

D 

D 

D 

Yalobusha 

1 

D 

D 

Legend 

Emergency  Operation  Centeis 
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o  Highly  Unlikely 

O'  Unlikely 

O'  Moderate  Likelihood 

O  Highly  Likely 
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Emergency  Oper.  Center  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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State  of  Mississippi 
Critical  Counties  (25) 


County 

Ho.  of 
Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Alcorn 

0 

0 

Benton 

0 

0 

Bolivar 

1 

1 

Calhoun 

0 

0 

Chickasaw 

0 

0 

Coahoma 

0 

0 

Desoto 

0 

1 

Grenada 

1 

1 

Itawamba 

■1 

1 

Lafayette 

0 

0 

Lee 

1 

1 

Mai  shall 

0 

0 

Mom  oe 

1 

1 

Panola 

1 

1 

Pontotoc 

0 

0 

Pi  entiss 

0 

0 

Quitman 

0 

0 

Sunflower 

0 

0 

Tallahatchie 

1 

1 

Tate 

0 

0 

Tippah 

0 

0 

Tishomingo 

0 

1 

Tunica 

0 

0 

Union 

0 

0 

Yalobusha 

1 

1 

Legend 
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State  of  Mississippi 

Critical  Counties  (25) 

Total  No.  At  Least 

of  M  o  de  r  at  e  CO  m  pi  et  e 

Gourty 

Facilities  Damage  Damage 

Alcorn 

D  D  0 

Benton 

Ci  Ci  D 

Bdiuar 

Ci  D  0 

Caihoun 

Cl  Cl  D 

Chi  ckasaw 

Ci  D  D 

Coahoma 

Ci  Ci  D 

Desoto 

Ci  Ci  D 

Grenada 

Ci  0  D 

Itawamba 

Ci  Ci  D 

Lafaydte 

D  D  Ci 

Lee 

D  D  D 

M  arshai  i 

D  D  d 

M  on  Poe 

0  0  0 

Panda 

Cl  Cl  D 

Poriotoc 

CI  Ci  CI 

Prentiss 

CI  CI  0 

Quitman 

CI  CI  D 

Surf  1  owes 

fi  0  0 

Tallahatchie 

U  U  0 

Tate 

Ci  Ci  D 

Ti  ppah 

Ci  Ci  D 

Tishomingo 

Ci  Ci  D 

T  uni  oa 

U  U  D 

Uri  on 

0  Ci  D 

Yalobusha 

U  Ci  D 

Legend 

Feny  Facility  Damage 
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O'  Unlikely 

O'  Moderate  Likelihood 

O  Highly  Likely 
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Fire  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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State  of  Mississippi 
Critical  Counties  (25) 

Total  h4o. 

At  Least 

of 

Moderie 

Complete 

Count  v 

Facilities 

Damage 

Damage 

Alcorn 

15 

3 

0 

Benton 

6 

0 

0 

Bolivar 

14 

0 

0 

CalhouT 

8 

0 

0 

Chi  ckasaw 

7 

0 

0 

Coahoma 

11 

0 

0 

Desoto 

19 

19 

3 

Grenada 

10 

0 

0 

Itawamba 

12 

0 

0 

Lafayette 

10 

10 

0 

Lee 

22 

0 

0 

M  arshall 

9 

9 

0 

M  oh  roe 

22 

0 

0 

Panola 

12 

9 

0 

Portdoo 

12 

0 

0 

Prentiss 

14 

0 

0 

Quitman 

5 

0 

0 

Surd  O'.ver 

7 

0 

0 

Tallahatchie 

14 

0 

0 

Tate 

12 

12 

0 

Tippah 

9 

9 

0 

Tishorni  ngo 

10 

0 

0 

Tunica 

2 

2 

0 

Uni  on 

13 

2 

0 

Yalobusha 

7 

0 

0 
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Fire  Station  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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State  of  Mississippi 
Critical  Counties  (25) 


County 

Ho.  of 

Functional 

Facilities 

Total 

II 0.  of 

Facilities 

Alcorn 

0 

15 

Benton 

0 

6 

Bolivar 

14 

14 

Calhoin 

8 

8 

Cliickasiw 

7 

7 

Coahoma 

11 

11 

Desoto 

0 

19 

Grenada 

10 

10 

Itawantia 

12 

12 

Lafayette 

0 

16 

Lee 

22 

22 

Mai  stall 

0 

9 

Monroe 

22 

22 

Panola 

3 

12 

Pontotoc 

9 

12 

Plenties 

3 

14 

Quitman 

5 

5 

Surflower 

7 

7 

TJIatatchie 

14 

14 

Tate 

0 

12 

Ti|]()ah 

0 

9 

Tislumingo 

7 

16 

Tinica 

0 

2 

Union 
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13 
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Hazardous  Materials  Facilities  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 


State  of  Mississippi 
Critical  Counties  (25) 


Count/ 

No.  of 

Facilities 

Alcorn 

14 

Benton 

3 

Bolivar 

17 

Calhoun 

4 

Chickasaw 

12 

Coahoma 

19 

Desoto 

91 

Grenada 

51 

Itawamha 

17 

Lafayette 

13 

Lee 

88 

Marshall 

14 

Monroe 

54 

Panola 

34 

Pontotoc 

12 

Prentiss 

16 

Orritman 

4 

Sunflower 

IS 

Tallahatchie 

3 

Tate 

15 

Tippah 

10 

Tishomingo 

17 

Tunica 

10 

Union 

31 

Yalobuslia 

7 

Legend 
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Highway  Bridge  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  April 2008 


State  of  Mississippi 
Critical  Counties  (25) 


Coiling 

Ho.  of 

Functional 

Facilities 

Total 

llo.  of 

Facilities 

Alcorn 

234 

234 

Benton 

119 

120 

Bolivar 

286 

286 

Calhoun 

224 

224 

Chickasaw 

231 

231 

Coahoma 

1 1 1 

112 

Desoto 

179 

204 

Grenada 

171 

171 

Itawamba 

240 

240 

Lafayette 

258 

263 

Lee 

377 

377 

fvln  shall 

251 

256 

Monroe 

289 

289 

Panola 

251 

251 

Pontotoc 

164 

164 

Pi  enti  ss 

206 

206 

Quitman 

117 

117 

Sunflower 

1 89 

1 89 

Tallahatchie 

155 

155 

Tate 

1 38 

157 

Tippah 

175 

175 

Tishomingo 

1 38 

1 38 

Tunica 

54 

63 

Union 

242 

242 

Yalobusha 

179 

179 

Legend 

Hiyhwjy  Biiilcje  Functionality 

Day  1 

«  Not  F  u  ret  ion  a  I 
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—  US  Routes 
=  Interstate 
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Highway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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State  of  Mississippi 
Critical  Counties  (25) 


Court  y 

Total  No. 
of 

Facilities 

At  Least 

M  ode  rate 
Damage 

Complete 

Carnage 

Alcorn 

234 

0 

0 

Bert  on 

120 

1 

0 

Bolivar 

2S6 

0 

0 

CdlhOLTl 

224 

0 

0 

Chi  ckesa'w 

231 

0 

0 

Coahoma 

112 

2 

0 

Desoto 

204 

25 

0 

Grenada 

171 

2 

0 

iawamba 

240 

0 

0 

Lafayette 

263 

6 

0 

Lee 

377 

0 

0 

Marshall 

256 

6 

0 

Mori  roe 

209 

0 

0 

Panola 

251 

1 

0 

Portotoc 

164 

0 

0 

Prertiss 

206 

0 

0 

Qijtman 

117 

0 

0 

Sufi  ower 

109 

0 

0 

T alia  hatch' e 

155 

0 

0 

Tie 

157 

20 

0 

Tippah 

175 

1 

0 

Tishcmingo 

130 

0 

0 

T  uiica 

63 

9 

0 

Uri  on 

242 

0 

0 

Vat  obusha 

179 

0 

0 

Legend 


Highway  Biitlge  Danmge 

At  Least  Motler  ate 

*  Hi gh'y Unlikely 

*  Unlikely 
Moderate  Ukelihood 

*  Higkiy  Likely 

*  Certain 

Highway  Segment  Damage 
At  Least  Moderate 
Highly  Unlikely 
Unlikely 

—  Moderate  Likelihood 
— ■  US  Routes 
=  Interstates 
Ri  vers 

IS  Critical  C  ounties 


60 


0  10  20 


■an 


Miles 


Wi  i  d  -  A  me  ric  a  Ea  rth  qu  ake  C  3  nf  er 

Lit  he  rt  It,-  or  llllio  k.  -at  U  Nut  a-c  lam  pa  tj  t ,  llllio  t .  US.*. 

.Am  r  0.  E  lias  la  [  P  ra|e  ct  P  lit  c(al  live  ittpt-  r 
Tl  e  ne  ?a  Je  It-  e-o  i .  P rlic|3al  It uejttptu 


Critical  contfei  are  tlcse  tl at  expe rle i ce  tic-  gieatest 
pioUd) lit-  or  neacllig  tic  jpecltled  damage  itit.  Foi 
clem  ltl:.i  i  or'Ccm  pie  V  a  id  '.A  t  Lea&t  Male  rat-'  dan  age 
itrtei  pleate  coi  s  i  it  H  e  attack  ed  doom  e  i t’G  U  ID  E 
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Hospital  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 


TISHOMINGO 
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State  of  Mississippi 
Critical  Counties  (25) 


Courty 

Total  Nb: 
of 

Facilities 

At  Least 

Moderate 

Damage 

Complete 

Damage 

Alcorn 

1 

0 

0 

Benton 

D 

LI 

D 

Boi  iuar 

1 

0 

0 

Calhoun 

1 

D 

D 

Chi  ckasaw 

1 

D 

D 

Coahoma 

1 

1 

0 

Desoto 

2 

2 

2 

Grenada 

1 

0 

0 

Itawamba 

D 

D 

0 

Lafayette 

1 

1 

0 

Lee 

1 

D 

0 

Marshall 

1 

1 

0 

M  enroe 

2 

0 

0 

Panci  a 

2 

2 

0 

Portotoc 

1 

D 

0 

Prentiss 

1 

0 

0 

Quitman 

1 

1 

0 

Sunflower 

2 

0 

0 

T  al  lahatcH  e 

1 

1 

0 

Tate 

1 

1 

0 

Tippah 

1 

1 

0 

Ti  s  ho  min  go 

1 

D 

0 

T  uni  ca 

D 

D 

0 

Uni  on 

1 

D 

0 

Yal  ebusha 

1 

0 

0 

Legend 

Hospital  Damage 

At  Least  Nbrierate 

o  Highly Unlikely 
O  Unlikely 

O'  Moderate  Ukelihood 
O  Highly  Likely 
O  Certain 
— ■  US  Routers 
Interstates 
Ri  vers 
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Hospital  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 


TISHOMINGO 


Wl  i  cl  -  A  me  rica Ea  rth  qu  ak^C  e  nt  er 

Ui  be  rs  ft,-  or  llllto  I;  art  U  rlMi  a-C  lam  pa  tj  k .  Milk-:- 1 .  USA 
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State  of  Mississippi 
Critical  Counties  (25) 


County 

H  o.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Alcorn 

0 

1 

Benton 

0 

0 

Bolivar 

0 

1 

Calhoun 

0 

1 

Chickasaw 

0 

1 

Coahoma 

0 

1 

Desoto 

0 

2 

Grenada 

0 

1 

Itawamba 

0 

0 

Lafayette 

0 

1 

Lee 

0 

1 

fvl.ii  shall 

0 

1 

Monroe 

0 

2 

Panola 

0 

2 

Pontotoc 

0 

1 

Pientiss 

0 

1 

Quitman 

0 

1 

Sunflower 

0 

2 

Tallahatchie 

0 

1 

Tate 

0 

1 

Tippah 

0 

1 

Tishomingo 

0 

1 

Tunica 

0 

0 

Union 

0 

1 

Yalobusha 

0 

1 

Legend 

Hospital  Functionality 

Day  1 

O  Not  F  undional 
o  Functional 
■ —  US  Routes 
=  Interstate 
Ri  vers 

E3 Critical  C  ounties 
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Liquefaction  Susceptibility  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 


State  of  Mississippi 
Critical  Counties  (25) 


County 

M  ni  mu  m 
Suscepti  b  1  it  y 

Maxi  mu  m 
SUscepti  bi  iity 

Alcorn 

Unknown 

Urk  nown 

Benton 

Unknown 

Low 

Bolivar 

Unknown 

link  nown 

CaJ  houn 

Unknown 

Link  nown 

Chi  ckasaw 

Unknown 

Unk  newn 

Coaho  rna 

Unknown 

No  ne 

Desoto 

Unknown 

Very  H  igh 

Grenada 

Unknown 

Unk  nown 

Itawamba 

Unknown 

Unk  no.ii.in 

Laayette 

Unknown 

No  ne 

Lee 

Unknown 

Unk  ncw.in 

tvfer  shall 

Unknown 

Low 

Monroe 

Unknown 

Unk  nown 

Rand  a 

Unknown 

No  ne 

Pontotoc 

Unknown 

Unk  nown 

Prenti  ss 

Unknown 

Unk  nown 

Quit  man 

Unknown 

No  ne 

Serif  1  over 

Unknown 

Unk  nown 

Tallahatchie 

Unknown 

Unk  nown 

Tate 

Low 

Very  High 

Tippah 

Unknown 

No  ne 

Ti  sho  mi  ngo 

Unknown 

Urk  n(wn 

Tuni  ca 

Unknown 

Very  High 

Uni  on 

Unknown 

Low 

Yalobusha 

Unknown 

Urk  riowdn 

Legend 

Li<|  u eviction  Susceptibility 

Unknown 
None 
mm  Low 
mm  'very  High 

Major  Cities 

*  3D  ,000  -  40,000 

•  40 ,001  -  45,000 
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E3 Critical  Counties 
=  Interstates 
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Modified  Mercalli  Intensity  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 
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State  of  Mississippi 
Critical  Counties  (25) 


COMIItV 

Max.  MMI 

Aloe rn 

VII 

Benton 

VII 

Bolivar 

VI 

Cal  ho  nil 

VI 

Chickasaw 

VI 

Coahoma 

VII 

Desoto 

VIII 

Grenada 

VI 

Itawamba 

VI 

Lafayette 

VII 

Lee 

VI 

Marshall 

VII 

Monroe 

VI 

Panola 

VII 

Pontotoc 

VI 

Prentiss 

VI 

Quitman 

VII 

Sm  if  lo  wet 

VI 

Tallahatchie 

VI 

Tate 

VII 

Tippah 

VII 

Tishomingo 

VI 

Tunica 

VII 

Union 

VII 

Yalobusha 

VII 

Legend 

Modified  Mercaili  Intensity 
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mu 
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Natural  Gas  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 
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State  of  Mississippi 
Critical  Counties  (25) 

Total  No. 

At  Lead 

of 

M  cderate 

Com  pi  ete 

Court  y 

Facilities 

Damage 

Damage 

Al  com 

2 

D 

D 

Bent  on 

1 

D 

D 

Boli  oar 

16 

D 

D 

Calhoun 

6 

0 

D 

Chickasaw 

3 

D 

L"l 

Coahoma 

7 

D 

D 

Desoto 

11 

11 

D 

Grenada 

2 

0 

D 

Itawamba 

1 

D 

D 

Lafayette 

0 

D 

D 

Lee 

7 

D 

[i 

W  arshall 

D 

0 

D 

M  oroe 

12 

D 

0 

Panola 

5 

D 

0 

F'ortdoc 

1 

D 

L"l 

Prentiss 

D 

0 

D 

Quitman 

D 

D 

D 

Surf  lower 

8 

D 

D 

TallahatcNe 

2 

0 

0 

Tate 

4 

1 

D 

Tippah 

0 

D 

0 

Tishomi  ngo 

1 

D 

D 

Tunica 

5 

0 

D 

Uhion 

3 

0 

D 

Yalobusha 

1 

D 

D 

Legend 

Natui.nl  Gas  Facility  Damage 
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*  Highly  Unlikely 

■0  Unlikely 

O  Moderate  U-kelihood 

O  Hi  ghl  y  Lik  ely 

O  Certain 
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Oil  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 


State  of  Mississippi 
Critical  Counties  (25) 


Courty 

Total  No., 
of 

Facilities 

At  Least 

M  oderate 
Damage 

Complete 

Carnage 

Alcorn 

D 

D 

D 

Benton 

0 

0 

0 

Bofitrar 

0 

D 

0 

Cal  hcun 

D 

D 

D 

Chi  cl-asaw 

D 

D 

D 

Coahoma 

D 

D 

D 

Desoto 

0 

0 

0 

Grenada 

D 

D 

D 

Itawamba 

D 

D 

D 

Lafayette 

1 

D 

0 

Lee 

D 

D 

D 

M  arshal  i 

1 

1 

0 

M  on  roe 

1 

D 

D 

Panda 

1 

D 

D 

Porfotoe 

0 

D 

D 

Preritiss 

D 

0 

D 

Quitman 

D 

D 

D 

Surf  1  ower 

D 

D 

D 

Tallahatchie 

2 

D 

D 

Tate 

D 

0 

0 

Tippah 

0 

D 

0 

Tishomi  ngo 

D 

D 

D 

Tunica 

D 

D 

D 

Uri  an 

D 

D 

D 

Yaldousha 

0 

0 

0 

Legend 
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*  Highly  Unlikely 
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State  of  Mississippi 
Critical  Counties  (25) 


County 

Min.  RGA 

Mix.  PGA 

Alcom 

0.1  5 

0.25 

Benton 

0.25 

0.25 

Bolivar 

0  05 

0.15 

Calhoun 

0.1  5 

0.15 

Clvckasaw 

0.1  5 

0.15 

Coahoma 

0,1  5 

0.25 

Desoto 

0.25 

0.44 

Grenada 

0.1  5 

0.15 

Itawamba 

0.1  5 

015 

Lafayette 

0.15 

0.25 

Lee 

0.1  5 

0.15 

Marshall 

0.25 

0.34 

Monroe 

0.15 

0.15 

Panola 

0.25 

0.25 

Pontotoc 

0.1  5 

0.15 

Plenties 

0.15 

01 5 

Quitman 

0.15 

0.25 

Sunflower 

0  05 

0.15 

Tallahatclie 

0.1  5 

0.15 

Tate 

0.25 

0.34 

Tippah 

0.25 

0.25 

Tishonfngo 

0.1  5 

0.15 

Tunica 

0.25 

0.25 

Union 

0.1  5 

0.25 

Yalobusha 

0.1  5 

0.25 

Legend 

PGA  (g) 

0.0  -  0.06 
— i  0.06  -  0.1 5 
0.1 5  -  0.25 
0.25  -  0.35 
«  0.35  -  0.45 
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State  of  Mississippi 
Critical  Counties  (25) 


Courty 

Total  Ho. 
of 

Facilities 

At  Least 

Moderate 

Damage 

Complete 

Damage 

Al  ecrn 

2 

0 

0 

Benton 

2 

2 

0 

Bdiuar 

13 

D 

0 

Cal  houn 

5 

D 

0 

Chi  ekasaw 

4 

D 

0 

Coahoma 

7 

0 

0 

Desoto 

6 

S 

2 

Grenada 

2 

0 

0 

ttawarrba 

4 

0 

0 

Lafayette 

3 

3 

0 

Lee 

7 

0 

0 

M  arshal  1 

4 

4 

0 

M  on  roe 

5 

D 

0 

Rand  a 

6 

5 

0 

Port  of  od 

3 

0 

0 

Prentiss 

4 

0 

0 

Quitman 

5 

D 

0 

Sunfi  o-.'.-er 

8 

D 

0 

T  all  dhatchie 

7 

0 

0 

Tate 

4 

4 

0 

Tippah 

4 

4 

0 

Tishcrni  ngo 

6 

0 

0 

T  chi  ca 

2 

2 

0 

Uri  on 

4 

0 

0 

Val  obusha 

4 

0 

0 

Legend 
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State  of  Mississippi 
Critical  Counties  (25) 


County 

Ho.  of 

Functional 

Facilities 

Total 

Ho.  of 

Facilities 

Alcorn 

0 

2 

Benton 

0 

2 

Bolivar 

13. 

13 

Calhoun 

5 

5 

Clickasaw 

4 

4 

Coahoma 

7 

7 

Desoto 

0 

6 

Grenada 

2 

2 

Itawamba 

4 

4 

Lafayette 

0 

3 

Lee 

7 

7 

Marshall 

0 

4 

Monroe 

5 

5 

Panola 

1 

6 

Pontotoc 

3 

3 

Plenties 

2 

4 

Quitman 

5 

5 

Sunflower 

8 

8 

Tallahatcliie 

7 

7 

Tate 

0 

4 

Tippah 

0 

4 

Tishonringo 

3 

6 

Tunica 

0 

2 

Union 

0 

4 

Yalohuslia 

2 

4 

Legend 

Police  Station  Functionality 
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FI'  R  IMPACT  ASS  EC  CM  El  IT  TERMINOLOGY.- 


834 


Total  Population  <2000)  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 


onto  TO 


OBUSH 

H  !E 


-^jTALLAHA 


Greeuvi 


d  HOOT, A 


ATTALA 


WIN  T  91  ! 


SCOT 


IEFF 


AkSTE 


Gultflprt 


State  of  Mississippi 
Critical  Counties  (25) 


County 

Population 

Alcorn 

34,558 

Benton 

1  4,902 

Bolivar 

48,283 

Calhoun 

1  8,689 

Chickasaw 

28,460 

Coahoma 

30,622 

Desoto 

1 15,699 

G i en, Ida 

23,263 

Itawamba 

22,770 

Lafayette 

43,688 

Lee 

75,755 

Mar  shall 

34,993 

Monroe 

45,894 

Panol  a 

34,274 

Pontotoc 

26,726 

Pi  enti  ss 

25,556 

Quitman 

1  0,117 

Sunflower 

34,369 

Tallahatchie 

1  4,903 

Tate 

43,190 

Tippah 

20,826 

Tishomingo 

1  9,163 

Tunica 

1  7,727 

Union 

25,362 

Yalobusha 

1  3,051 

Legend 


Total  Population 
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Major  Cities 
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State  of  Mississippi 
Critical  Counties  (25) 

Total  No. 

At  Least 

of 

M  o  derate 

Complete 

County 

Facilities 

Dam  age 

Damage 

A  loom 

U 

U 

0 

Pent  on 

D 

U 

0 

Pd  i  oar 

4 

0 

0 

Calhoun 

U 

U 

0 

Chickasaw 

U 

D 

0 

Coa  hem  a 

4 

U 

0 

Desoto 

1 

1 

0 

Grenada 

U 

U 

0 

Itawamba 

3 

U 

0 

Lafayette 

0 

0 

0 

Lee 

D 

D 

0 

Marshall 

D 

D 

0 

M  ohrpe 

7 

0 

0 

Panola 

u 

D 

0 

Pontotoc 

[I 

U 

0 

Prentiss 

[I 

U 

0 

Quitman 

[I 

0 

0 

Sunflower 

D 

0 

0 

T  al  lahatchi  e 

Li 

0 

0 

Tate 

[I 

0 

0 

Tippah 

0 

0 

0 

Ti  shorn  i  ngo 

7 

0 

0 

Tunica 

1 

0 

0 

Union 

D 

0 

0 

Yalobusha 

0 

0 

0 

Legend 
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o  Highly  Unlikely 

®  Unlikely 

O  Moderate  Ukelihood 
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O  Certain 

—  US  Routes 
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Critical  coutle*  are  Hae  tl  at  eipe  Me  i  ce  tie  gieatst 
pnoO^II^  or  reading  tie  *  pec  tried  damage  itit  For 
clem  Itfei  i  ot'Cam  pie  t  ’  a  id  'A  t  Leait  Male  rat-'  dam  age 
itrtei  please  com  it  He  attacked  doonne  ifGUIDE 
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Potable  Water  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  April  2008 


State  of  Mississippi 
Critical  Counties  (25) 


Countv 

Total  Ho. 
of 

Facilities 

At  Least 
Moderate 
Damage 

Com  pi  ete 
Damage 

A  loom 

1 

D 

D 

Berton 

U 

D 

D 

Bolivar 

Li 

D 

D 

CalhoLn 

D 

0 

0 

Chickasaw 

0 

D 

D 

Coahoma 

0 

D 

D 

Desoto 

0 

D 

D 

Grenada 

0 

D 

D 

Itawamba 

1 

D 

0 

Lafayette 

0 

D 

LI 

Lee 

D 

D 

0 

M  arshal  1 

U 

D 

D 

Monroe 

U 

D 

D 

Panola 

U 

0 

D 

Pontotoc 

D 

D 

D 

Prentiss 

Ci 

D 

D 

Quitman 

0 

D 

LI 

Sunflower 

L"l 

0 

0 

Tallahatchie 

0 

D 

D 

Tate 

0 

D 

D 

Ti  ppah 

CI 

D 

D 

Ti  shomi  ngo 

1 

D 

D 

T  uni  ca 

CI 

0 

0 

Uni  on 

0 

D 

D 

Yalobusha 

Legenc 

0 

0 

Ci 

Potable  Wate i  Facility  Damage 

At  Lfti^t  Model  tie 

o  Hi gHy  Unlikely 
O  unlikely 

O  Moderate  Likelihood 
O  Highly  Likely 
■'.}  Certain 

Potable  Water  Distiibntmi  Lines 
Ho.  of  Leahs 
0  -  6 
6-25 
25  -  75 
■"75-1 50 
M  150  -  335 


—  US  Routes 
Interstates 
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I  Critical  Counties 
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Prisons  -  New  Madrid  Seismic  Zone:  M7.7  Event 


April  2008 


State  of  Mississippi 
Critical  Counties  (25) 


County 

No.  of 

Facilities 

Alcorn 

1 

Benton 

1 

B  oliva  r 

2 

Calhoun 

1 

Chickasaw 

2 

Coahoma 

1 

Desoto 

1 

Grenada 

1 

Itawamba 

1 

Lafayette 

1 

Lee 

1 

Mai  shall 

2 

Monroe 

1 

Panola 

1 

Pontotoc 

1 

Pi  entiss 

1 

Quitman 

2 

Sunflower 

1 

Tallahatchie 

2 

Tate 

1 

Tippah 

1 

Tishomingo 

1 

Tunica 

1 

Union 

0 

Yalobusha 

1 

Legend 

*  Prisons 

Modified  Memilli  Intensity 
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■ —  US  Routes 
=  interstates 
D Critical  Counties 
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pnob^ll^  ci T  reacllig  tie  *  pec  ffled  damage  itit  For 
deTli  ltl:.i  i  cit'CctTi  pie  t’  a  id  'A  t  Leait  Mcde  rat-'  dam  age 
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State  of  Mississippi 

Critical  Counties  (25) 

Total  NO. 

At  Least 

of 

Moderate 

Complete 

County 

Facilities 

Damage 

Da  mage 

A  to  am 

I] 

Li 

Li 

Benton 

LI 

Li 

U 

Bolivar 

Li 

U 

U 

Calhoun 

U 

U 

U 

Chickasaw 

2 

Li 

Li 

Co  ahem  a 

1 

Li 

Li 

Desoto 

3 

U 

U 

G  renada 

U 

U 

U 

Itawamba 

0 

0 

0 

Lafayette 

2 

0 

0 

Lee 

2 

D 

0 

Marshall 

2 

0 

0 

M  on  roe 

2 

Li 

0 

F'  aroi  a 

0 

Li 

0 

P  ontotoc 

3 

Li 

0 

P  renti  ss 

G 

Li 

0 

QiJtman 

U 

Li 

0 

S  trtf  1  ower 

U 

U 

0 

Tallahatchie 

U 

U 

0 

Tate 

Li 

0 

0 

Ti  ppah 

1 

0 

0 

Ti  shomi  ngo 

4 

0 

0 

T  uni  oa 

Li 

D 

0 

Union 

1 

Li 

0 

Yalobusha 

0 

D 

0 
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Railway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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State  of  Mississippi 
Critical  Counties  (25) 


Count,' 

No.  of 
Func  tonal 
Facllltei 

TO  til 

NO.  or 

Facilities 

Alt  om 

0 

0 

Ee  nton 

0 

0 

Bc-llvar 

0 

0 

Ca  Ihou  n 

0 

0 

Clilehaiaw 

■Or 

ni 

Coaliom  a 

1 

i 

Le  koto 

3 

3 

0  ran  ada 

0 

0 

Ita  wa  m  b  a 

0 

0 

Lafayette 

^k 

■“i 

Lee 

■7 

Mar  than 

Monroe 

■"i 

■7 
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Hazardous  Materials  Facilities  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


Life 


DEKAttf 


MARI 


ALDWE 


L  CHAR  IT** 


RALL 


OWAR£rj 


COOFER 

* 


■LLAWA'i 


WAR 


JOHNSON 


,GAS C  UN* 


MILL^L  & 


CAM! 


|SA!NT.  GLAIR 


■liPWI 


Lijr$rEpE 


GREENE 


iLLINDfp 


AWR^i: 


ISTIAI 


ffliufeLAS 


7* 


STONE 


ISA  I  NT  LOUIS  crrv 


J 

BUCH&NAH 


JACK 


State  of  Missouri 
Critical  Counties  (46) 


'COUIlV 

Ho.  of  Faolllec 

Ajdrah 

* 

a-  linger 

0 

&■*  ii* 

23 

Hjfcr 

21 

■Sri  1 1  ri  -.'.-■T." 

1  I 

Cape  Otraideau 

■36 

Oirtr 

2 

'Cole 

27 

Crawtsrd 

12 

tent 

2 

Couglao 

2 

tU  III  llll 

21 

Fraiihlti 

SI 

C-auonade 

2 

Ha  well 

17 

1*011 

22 

Jelfercon 

66 

Lli'V'lh 

3 

r.Udl  ton 

1 

r.Viii*  o 

3 

Filler 

4- 

r.lrdoolppl 

2 

Montjoniery 

12 

Hew  Madrid 

IS 

Oregon 

0 

Oosge 

S 

OarH 

0 

Feml  (pot 

1  1 

Feny 

3 

Hielpo 

3 

Rhe 

+3 

FUlartl 

2 

Foynoldo 

IS 

Rpley 

5 

Calntaialec 

03 

Snlnt  Fmoal  o 

3 

aint  Louie 

TO 

Saint  Louies  (Cl  tcJ 

£3 

Sain*  iaene-a*ve 

1  1 

Soott 

22 

EJiannon 

i 

Sfcdd  srd 

IT 

Terao 

8 

V-jinen 

19 

v'didilng-fcn 

22 

vejijTi# 

3 

Legend 

MMI 

*  Hazm at  Facilities 

M  XII 

M  Critical  C  o unties: 

H  XI 

^^Interstates 

X 

—  US  Routes 

IX 

Rivers: 

VI 1 

<  VI 

0  15  30  80  90 


Miles 


Wi  i  d  -  A  me  ric  a  Ea  rth  qu  ake  C  s  nt  er 

Ut  I, re  rt  It,-  or  llllto  k.  -at  U  Nut  a-C  lam  pa  tj  t ,  llllio  t .  US.*. 

Am  r  S.  E  lias  la  t  P  ro|e  ct  P  lit  e(>al  live  ittgato  r 
Tl  e  re  sa  Je  IS-  &o  i .  P literal  li ueitlgatu 


Critical  coulle*  are  tlcse  tl  at  expe  rle  i  ce  tie  gieatst 
pnoO*ll^  or  reacting  tie  jpeclfled  damage  itit.  For 
detli  Ittoi  i  or  Com  pie  V  a  id  'A  t  Least  Mode  rat-'  dam  age 
states  pleate  coi  s  i  it  H  e  attack  ed  doom  e  i t’G  U  ID  E 
FI'  R  IMPACT  ASSESSMENT  TERMINOLOGY.- 


957 


Highway  Bridge  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Highway  Bridge  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Hospital  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Hospital  Functionality  at  Day  1  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Light  Rail  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Liquefaction  Susceptibility  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Modified  Mercalli  Intensity  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Natural  Gas  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  U I DE  F  0  R  Ii.il  PACT  AS  S E  S  SW  ENT  T  ERM  IN  0  L  0  6  Y." 
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Critical  counties  are  those  thiat  experience  the  greatest 
probability  of  reaching  the  speciied  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  14:' derate' 
damage  states  please  consult  the  attached  document, 
"G  U I DE  F  0  R  14  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  G  G  Y." 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Critical  counties  are  those  thiat  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  14:' derate' 
damage  states  please  consult  the  attached  document, 
"G  U I DE  F  0  R  14  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  G  G  Y." 
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Critical  counties  are  those  thiat  experience  the  greatest 
probability  of  reaching  the  speeded  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  14:' derate' 
damage  states  please  consult  the  attached  document, 
"G  U I DE  F  0  R  r.,.1  FACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Critical  counties  are  these  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  lul  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  U  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Electric  Power  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  lul  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Ferry  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  lul  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Fire  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


State  of  Tennessee  -  Critical  Counties  (37) 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Fire  Station  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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Critical  counties  are  those  triiat  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'A  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G I J I DE  F  0  F:  r>.<f  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Hazardous  Materials  Facilities  -  New  Madrid  Seismic  Zone:  M7.7  Event 


State  of  Tennessee  -  Critical  Counties  (37) 


County 

Ho.  of 

Facilities 

Comtv 

No.  of 

Facilities 

County 

No.  of 

Facilities 

Benton 

2 

Haidin 

30 

31 

Carroll 

38 

Haywood 

18 

Moit  yon  lay 

38 

Cheatham 

31 

Henderson 

27 

0  N  on 

28 

Chester 

6 

Henry 

30 

Perry 

1 

Crockett 

5 

Hickman 

12 

Robertson 

33 

Davidson 

241 

Houston 

Shelby 

549 

Decatur 

6 

Hunf)lireys 

68 

Stewmt 

41 

Dickson 

47 

Lake 

3 

Tipton 

19 

Dyer 

44 

Lauderdale 

51 

Wayne 

3 

Fayette 

31 

Laurence 

26 

Weakley 

13 

Gibson 

51 

Levis 

10 

Williamson 

£ 

Giles 

27 

Madison 

86 

Hardeman 

25 

Maury 

78 

Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Highway  Bridge  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


Stal 

Count 

e  of  Tennessee 

No.  of  Functional  Totil  No.  of 
Faclll  la  i  pacllltlei 

-  Critics 

OH  1.  lit,' 

Counties  (37) 

No  of  Functona  1  Total  No.  of 
Faolllfls-  Rclllle  ■ 

Briton 

32 

32 

Humphrey  t 

66 

66 

Carroll 

103 

122 

Lahe 

l  12 

i  j. 

Clieattam 

38 

38 

Lauderdale 

0 

94 

Chet  Is  r 

36 

41 

Lawns  nc  s 

43 

4-3 

Crockett 

27 

56 

Lswl  t 

21 

21 

D'i  '.Id  ton 

321 

521 

Me  Hairy 

88 

90 

Da  catur 

39 

39 

Midi  ■on 

117 

U5 

□  oh  ton 

88 

68 

Maury 

1 4-7 

14-7 

Cy  or 

0 
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Montgome  r. 

80 

80 

Fayette 
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129 

CPIon 

81 

144 

Gib  ton 

89 

I  4i 

Rury 

36 

36 

Gila  = 

117 

1  17 

Roberhon 

79 

79 

Han*  man 

66 

90 

Shelby 

168 

436 

Ha  rein 

38 

58 

Stewa  rt 

70 

70 

Hn  y  wood 

i  1 

133 

Upton 

1 1 

Si 

He  i>:le  n  on 

87 

89 

■Afl  y  ns 

44 

44 

Heir,' 

75 

86 

VvSaklsy 

94 
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H  ol-m  on 

7  1 

7  1 
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127 
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■”r“l 

on 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  M  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Highway  Bridge  &  Segment  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 
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Total  Ho  ot 
Fac  into  ii 

At  Lea  (t 

Moderate  Carnage 

Complete 

Carnage 

■Sc  nit 

Total  Ho.  ot 
Facilities 

AtLeait 

Moderate  Damage 

Complete 

Carnage 

Bnton 

32 

0 

0 

Humping  7 1 

j  66 

0 

0 

•lanoll 

122 

19 

0 

LaPe 

li 

i 

1 

□leatham 

38 

0 

0 

Lauderdale 

9i 

9i 

i3 

'Iheatei 

il 

7 

0 

Lawrence 

i3 

0 

0 
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66 

29 

i 

Lewi  t 

21 

0 

0 

Da  vldi  on 
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0 

0 
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60 

3 

0 
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59 

0 

0 
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US 

30 

0 

Clc  h ion 

66 

0 

0 
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U7 

0 

0 
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121 
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65 

Montgomery 

80 

0 

0 
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17 
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0 
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0 

0 
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1 
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71 
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0 

0 
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0 

0 

Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  speciled  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Mo  derate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  fed  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Hospital  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


State  of  Tennessee  -  Critical  Counties  (37) 


Count 

Total  Ho.  ot 

Fdollltioc 

At  L  01  ot 

Modorato  Dam  .ago 

Com  p  lo* 

Da  nng  o 

Cou  n  f 

Total  Ho.  oT 

Faolllloc 

At  L  0-1  ot 

Mod  ora  t  Da  mag  o 

Conaploto 
Dam  ago 

tentn 

1 

0 

0 

Humph  nay  c 

1 

0 

0 

(Carrol  1 

2 

2 

0 

Laho 

0 

0 

0 

Choaliam 

i 

0 

0 

Laudondalo 

1 

1 

1 

Cti  o  c*r 

0 

0 

0 

Lawronoo 

1 

0 

0 

ilrookott 

0 

0 

0 

Lowlc 

0 

0 

0 

Da  .H-J  00  II 

ID 

0 

0 

Madison 

3 

3 

C 

Dooatur 

1 

0 

0 

Maury 

i 

0 

0 

Huh  non 

1 

0 

0 

M  o  Hairy 

1 

1 

0 

Dyor 

1 

1 

1 

M  on  t]  om  or, 

2 

0 

0 

Fay  otto 

1 

1 

0 

Oh  lo  II 

i 

1 

D 

01b  von 

3 

3 

2 

Forry 

i 

0 

C 

0110  b 

1 

0 

0 

Rot  ortoo  ii 

i 

0 

0 

Hard  omon 

2 

2 

0 

Sliolby 

22 

22 

0 

Hard  In 

i 

0 

0 

Stewart 

0 

0 

0 

H-aywo  od 

i 

1 

1 

Tip  tan 

1 

1 

I 

Hondorcon 

1 

1 

0 

A'ayno 

1 

0 

0 

Honry 

i 

1 

0 

AWahloy 

2 

2 

2 

Hickman 

Houston 

i 

i 

0 

0 

0 

0 

All  Horn  w  n 

2 

0 

0 

Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  lul  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Hospital  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event  March2008 


State  of  Tennessee  -  Critical  Counties  (37) 


Count,' 

Mo.  of  Functional 
Facllltls* 

Total  Mo.  of 
ra  dims  i 

County 

Bnton 

0 

1 

HampHrsyi 

-Carroll 

0 

■-I 

Labs 

□isatham 

1 

1 

laudsrdalB 

Gisitsr 

0 

D 

La  wis  i>:  s 

-Irocbatt 

0 

0 

Ls  wl  i 

Cn  vld  ion 

20 

20 
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Qsatir 

0 

1 

Maury 
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1 

1 

Me  Hairy 

cyan 

0 

1 

Monrtgomsry 

Fayatte 

0 

1 

OH  on 

Gib  ion 

0 

3 

Psny 

GIIO 1 

1 

1 

Robsrhon 

Hardeman 

0 

Slislby 

Hardin 

0 

1 

Sfcwa  it 

Hay  wood 

0 

1 

Tipton 
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0 

1 

'■/■Ay  ns 

Henry 

0 

1 
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1 

1 

1 

i 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  M  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Liquefaction  Susceptibility  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 


State  of  Tennessee  -  Critical  Counties  (37) 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  U  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Modified  Mercalli  Intensity  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


State  of  Tennessee  -  Critical  Counties  (37) 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  lul  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Natural  Gas  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  200s 
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State  of  Tennessee  -  Critical  Counties  (37) 
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At  Lea  it 
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Com  pie  % 
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Bn  ter 

0 

0 
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Cheatham 
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Gieiter 
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0 

0 

Lawrence 

5 

0 

0 

>irocKett 

0 

Lewi  i 

0 

0 

0 

Catfdion 

IS 

0 

0 

Madlion 

6 

6 

0 

Bcatir 

0 

0 

0 

Maury 

6 

0 

0 

□chion 

0 

0 

0 

Me  Hairy 

1 

0 

0 

Cyer 

6 

6 

1 

Montgom  ery 

0 

0 

0 

Fayette 

Q 

0 

0 

Chion 

8 

8 

0 

Gib  ion 

1 

1 

0 

Party 

i 

0 

0 

GIIO  N 

3 

0 

0 

Rotortion 

o 

0 

0 
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0 

0 
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7 

0 

Hardin 

i 
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0 

Stewart 

0 

0 

0 

Hi  .  wood 

9 

9 

0 

Tipton 

8 

8 

0 

Hendenon 

0 

□ 

0 

SAfl  yne 

3 

□ 

0 

Henry 

3 

o 

0 

Ae  aHley 

i 

i 

0 

Hchman 

3 

0 

0 

Wiliam  ion 

15 

0 

0 

H:-u  itn 

0 

0 

0 

Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Oil  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 


State  of  Tennessee  -  Critical  Counties  (37) 


Count, 

Totol  lie.,  of 
Facllllai 

At  La  a  it 

Moderate  CHmaga 

Can pi  at 
carnage 

Count, 

Total  llo.  or 
Picllllet 

At  Laa  it 

Moderate  Carnage 

Complata 

Damage 

Bnton 

0 

0 

0 

hum  [an  ev  i 

1 

0 

0 

Carroll 

0 

0 

0 

Laha 

0 

D 

0 

□laaiham 

1 

0 

0 

Laudandala 

i 

1 

0 

□  ia  -ter 

0 

0 

0 

Lawnanca 

0 

0 

0 

ilrochatt 

0 

0 

0 

LhV.'I  1 

Cl 

0 

0 

dion 

30 

0 

0 

r.Viii  ion 

Cl 

0 

0 

Qcatjr 

0 

0 

0 

Maury 

Cl 

0 

0 

□ch  icn 

0 

0 

0 

LV  Hairy 

0 

0 

0 

Cvar 

0 

0 

0 

r.V'iitian  ary 

0 

0 

0 

B  .efts 

1 

1 

0 

CtJlcn 

1 

1 

0 

Gib  ion 

0 

Cl 

0 

Percy 

0 

0 

0 

Gila  2 

0 

0 

0 

Hobarhon 

0 

0 

0 

Handyman 

■■> 

-”l 

0 

Blialhy 

26 

26 

0 

Hu  din 

0 

0 

0 

St  wart 

0 

0 

0 

htv,  wood 

1 

1 

0 

1]pt)n 

0 

0 

0 

Handenon 

0 

0 

0 

Wyne 

0 

0 

0 

Henry 

0 

0 

0 

Wahle , 

0 

0 

0 

Hchman 

0 

0 

0 

Will  am  non 

1 

0 

0 

Hou iton 

0 

0 

0 

Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Peak  Ground  Acceleration  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


State  of  Tennessee  -  Critical  Counties  (37) 


County 

Min.  PGA 

Max .  PGA 

Couriy 

Min.  PGA 

Max.  PGA 

Courty 

Min.  PGA 

Max.  PGA 

Bent  can 

0.15 

025 

Hard  n 

0.15 

025 

M  aury 

0.07 

0.15 

Carroll 

0.25 

0.S4 

Hay -.rood 

0.34 

1.14 

M  ontgomery 

0.07 

0.15 

Cheatham 

0.07 

0.15 

H  cruder  son 

025 

004 

Obion 

0.00 

1.04 

Chester 

025 

0.34 

Henry 

025 

0.44 

Perry 

0.15 

025 

Crockett 

0.44 

1.14 

Hickman 

007 

025 

Robertson 

0.07 

0.15 

Davidson 

0.05 

0.15 

Houston 

0.15 

025 

Shelby 

0 .34 

1 23 

Decatur 

0.15 

025 

Humphreys 

0.15 

025 

Stewart 

0.15 

025 

Q ckson 

0.15 

0.15 

Laps 

000 

0 .35 

Tipton 

0.55 

123 

Dyer 

0.00 

123 

Lauderdale 

0.64 

1.14 

Wayne 

0.15 

025 

Fayette 

025 

0.04 

Lawrence 

007 

0.15 

Weakl  ey 

0.25 

0.85 

Gi  bscn 

0.34 

123 

Lewis 

0.15 

0  15 

Wil  li  a  ms  on 

0.07 

0.15 

Gi  ies 

0.07 

0.15 

M  cNairy 

025 

D.34 

Hardeman 

025 

0.55 

M  adison 

025 

0.04 

MIUPTE 


EAST 


Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  M  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Police  Station  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


State  of  Tennessee  -  Critical  Counties  (37) 


County 

Totel  No.  of 
FaclUilei 

At  Lea  it 

Ho®  rat  Dim  age 

Oom  plete 
Dimage 

County 

Total  No  or 
Bellmen 

At  Le  a  it 

Hoderate  Dim  age 

Complete 

Carnage 

Bn  ten 

3 

0 

0 

Hun  piny ; 

i 

0 

0 

CrrroU 

6 

6 

0 

Lahe 

3 

3 

t 

□leatham 

3 

0 

0 

Lau®  rdal  e 

5 

5 

5 

□aeiter 

0 

Lawrence 

6 

0 

0 

Crochett 

i 

l 

i 

LB'iVla 

■"> 

0 

0 

lm  -.-Id  ion 

23 

0 

0 

Ha  cl  ion 

3 

3 

0 

Qcatrr 

3 

o 

0 

Ha  rr; 

i 

0 

0 

□cHion 

i 

0 

0 

He  Hairy 

i 

3 

0 

D,e  r 

1 

T 

1 

1 

Honlgomery 

5 

0 

0 

Fayette 

7 

7 

Obion 

7 

r 

i 

Gib  ion 

9 

0 

i 

Pen  y 

1 

0 

0 

Glle  i 

5 

Q 

0 

Kcbertion 

5 

0 

0 

Handyman 

5 

5 

0 

Shelby 

39 

39 

36 

Hardin 

3 

0 

a 

Stewart 

3 

0 

0 

Hay  wood 

■"» 

n 

Tlptm 

6 

& 

6 

Hendenon 

3 

3 

0 

■Aay  ne 

1 

0 

Ci 

Henry 

i 

i 

0 

'W&a  Mey 

7 

1 

l 

nchman 
Hou  itm 

A 

0 

0 

0 

a 

Wiliam  ion 

i 

0 

0 

RltnjLt 


EAST 


Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G  0 1 DE  F  0  F:  lul  PACT  AS  S  E  S  SM  ENT  T  EF;M  IN  0  L  0  G  Y." 
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Police  Station  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2003 
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State  of  Tennessee  -  Critical  Counties  (37) 


Count 

Ho.  ot Functional 
Facllltldi 

Total  No.  or 
Facilities 

■"bunt1 

No.  ot  Func  tonal 
Facllltek 

Total  No.  ot 
Faelllles 

Bntm 

0 

3 

Himphreyk 

3 

i 

Ca  ri  (1 1 

0 

6 

LaHe 

0 

3 

aiealiam 

3 

3 

Laudendale 

0 

D 

Qie  atr 

0 

Lawrence 

6 

6 

Crochett 

0 

i 

Lewi  i 

u-| 

■~i 

a  dd ton 

23 

23 

Mi  :l  ion 

0 

3 

Qcatur 

0 

3 

Mi  try 

l 

l 

□  cHion 

i 

i 

Me  Hairy 

0 

i 

Hi' Cl 

0 

1 

Montgdm  ery 

5 

5 

Fayette 

0 

Y 

Obion 

0 

1 

Gib  ion 

0 

9 

Perr,' 

n 

i 

QUO  i 

5 

5 

Robertson 

5 

5 

Hardeman 

0 

5 

Shelby 

0 

39 

Ha  ran 

0 

3 

Stewart 

3 

3 

Ha  y  wood 

0 

■n 

Tipton 

0 

6 

Henderion 

0 

3 

Afly  lie 

; 

l 

Ha  nn 

0 

i 

AC  a  hley 

0 

1 

Hchman 

■Hi 

Wiliam  ion 

i 

i 

Critical  counties  are  those  thiat  experience  the  greatest 
probability  of  reaching  the  speeded  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  14:' derate' 
damage  states  please  consult  the  attached  document, 
"G  U I DE  F  0  R  14  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Total  Population  (2000)  -  New  Madrid  Seismic  Zone:  M7.7  Event  March  2008 
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State  of  Tennessee  -  Critical  Counties 


(37) 


Legend 


Coillltv 

Population 

County 

Population 

County 

F'opul  on 

Benton 

16,537 

Hai  tin 

25,578 

Mauiy 

69,498 

Dir  roll 

29,475 

Haywood 

19,797 

Montgomery 

134,768 

Cheatham 

35,912 

Henderson 

25,522 

Obion 

32,450 

Diester 

15,540 

Heniy 

31 ,1 1 5 

Perry 

7,631 

Crockett 

14,532 

Hickman 

22,295 

Robertson 

54,433 

Davidson 

569,891 

Houston 

8,088 

Shelby 

897,472 

Decatur 

1 1 ,731 

Humphrey 

17,929 

Stewait 

12,370 

Dickson 

43,156 

Like 

7,954 

Tipton 

51 ,271 

[tyor 

37,279 

Lauderdale 

27,101 

Wayne 

16,842 

Fayette 

28,806 

Lawrence 

39,926 

WeaMey 

34,895 

Gilison 

48,152 

Lewis 

1 1 ,367 

Williamson 

1 26,638 

Giles 

29,447 

Mel  1  airy 

24,653 

Hai  dem.ni 

28,105 

Madison 

91 ,837 

Total  Population 
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Critical  counties  are  those  triiat  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
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Port  Facility  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Tennessee  -  Critical  Counties  (37) 


Count' 

To  til  llo.  of 
Roll  lie. 

At  Le  a  »t 

Mode  rat  Carnage 

Com  |H  et 
Darn  age 

Co  uit; 

Total  Mo.  of 
Rio  lllfle  * 

AtLealt 

Mode  rat  Damage 

complete 

Damage 

Briton 

0 

0 

0 

Humphrey . 

II 

0 

0 

Caroll 

0 

0 

0 

Lahe 

■nr 

0 

□lealiam 

1 

0 

0 

Lauderdale 

5 

5 

5 

diestr 
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0 

0 

Lawrence 

0 

0 

0 

Oochelt 

0 

0 

0 

Lewi  i 

0 

Q 

0 

l'i  tfdion 

28 
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0 

Madlion 

0 

0 

0 

Decatu 

5 

0 

0 

Maury 

0 

Q 

0 

□  chton 

0 

0 

0 

MeNalry 

0 

0 

0 

ever 

3 

3 

0 

Montgcm  ery 

l 

0 

0 

Fayetfc 

0 

0 

0 
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0 

Q 

0 
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0 

0 

0 

Pe  rr; 

1 

0 

0 

GIIh  ■ 

0 

0 

0 

Robeition 

0 

0 

0 
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0 

0 
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69 

0 
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0 
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0 

0 
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0 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Potable  Water  System  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


State  of  Tennessee  -  Critical  Counties  (37) 


County 

Total  No.  of 
Facilities 

At  Lea  it 

Moderate  Cn  mage 

Cbm  plefc 
Dim  age 

Count' 

Total  llo.  ot 
Faclllflei 

At  Lea  it 

Moderaf,  Cfimage 

Oomplet 

□image 

Benton 
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0 

0 
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Carroll 
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0 

Lahe 
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OieaAaam 

1 
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Lauderdale 
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0 
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0 

0 
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0 
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0 

0 
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Hardin 
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Stewart 

1 

0 

0 

Hay  wood 

0 

0 

0 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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State  of  Tennessee  -  Critical  Counties  (37) 


County 

Ho.  of 

Facilities 

County 

lie.  of 

Facilities 

Comity 

Ho.  of 

Facilities 

Benton 

1 

Hardin 

1 

McNairy 

1 

Can- oil 

1 

Haywood 

1 

Montgomery 

1 

Client  ham 

1 

Henderson 

1 

O  Dion 

1 

Chester 

1 

Henry 

1 

Peny 

1 

Crockett 

1 

Hickman 

2 

R  ohertson 

1 

Davidson 

10 

Houston 

1 

Slielby 

10 

Decatia 

1 

Hunujlireys 

1 

Stewart 
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Dickson 

1 

Like 
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Tipton 
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Lauderdale 
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Wayne 
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Lawrence 
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Weakly 
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Gibson 
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Lewis 
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Williamson 
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Giles 
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Madson 

3 

Hardeman 

2 

Many 

1 
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Critical  counties  are  those  thiat  experience  the  greatest 
probability  of  reaching  the  speeded  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  14:' derate' 
damage  states  please  consult  the  attached  document, 
"G  U I DE  F  0  R  14  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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State  of  Tennessee  -  Critical  Counties  (37) 


County 

Torn  no.  or 
Belli  le  t 

At  Lea  it 

Mode  rat  Dim  age 

Com  pi  et 
Damage 

County 

Totil  No.  of 
Facllllei 

At  Lea  it 

Model  at  Damage 

Complete 

Damage 

Bnton 

0 

0 

0 

Humphrey" 

1 

0 

0 

Cm  oil 

1 

0 

0 

LaHe 

0 

0 

0 

□aeatnam 

0 

0 

0 

LatrJerdale 

0 

0 

0 

One  >ter 

0 

0 

0 

Lawrence 

1 

0 

0 

■Irochett 

0 

0 

0 

Lewi" 

0 

0 

0 

David  ton 

23 

0 

0 

Midi  >on 

0 

0 

0 

Dec  atir 

0 

0 

0 

Maury 

3 

0 

0 

□chion 

3 

0 

0 

Me  Hairy 

0 

0 

0 

Ever 

1 

1 

0 

Monti  ornery 

o 

0 

0 

Fayett 

0 

0 

0 

Obion 

■■i 

0 

Gib  ion 

2 

0 

0 

Perry 

0 

0 

0 

Gilo  1 

■“i 

0 

0 

Robertion 

2 

0 

0 

Hardeman 

0 

0 

0 

Shelby 

AT 
jL  1 

0 

0 

Hardin 

0 

0 

0 

St  wart 

0 

□ 

0 

Hay  wood 

1 

0 

0 

Tip  bn 

1 

1 

0 

Hendenon 

0 

0 

0 

yjyne 

D 

Cl 

0 

Henry 

0 

0 

0 

Vv&ahl  ey 

1 

0 

0 

Hfihman 

1 

0 

0 

Wiliam  ion 

3 

0 

0 

Houitm 

0 

0 

0 

Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  U  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Railway  Bridge  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Tennessee  -  Critical  Counties  (37) 


County 

1  lo.  ot  FUncI  coal 
ra  Glutei 

Total  llo.  Of 
Fee  llltie* 

Count1 
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0 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  IA  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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School  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event  March 2008 


State  of  Tennessee  -  Critical  Counties  (37) 


Count? 

Total  No.  of 
Fiellltiet 

At  Lea  it 

Moderate  Damage 

Com  pi  ete 
Damage 

Count 

Total  No.  ot 
Fiellltiet 

At  Leatt 

Moderate  Damage 

Complete 

Damage 

Benton 

10 

0 

0 
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10 
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Hardin 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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School  Functionality  -  New  Madrid  Seismic  Zone:  M7.7  Event 
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State  of  Tennessee  -  Critical  Counties  (37) 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  '.A  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Waste  Water  System  Damage  -  New  Madrid  Seismic  Zone:  M7.7  Event 


March  2008 
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State  of  Tennessee  -  Critical  Counties  (37) 
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Complete 
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Critical  counties  are  those  that  experience  the  greatest 
probability  of  reaching  the  specif ed  damage  state. 
For  definitions  of  'Complete'  and  'At  Least  Moderate' 
damage  states  please  consult  the  attached  document, 
"G U I DE  F  0  R  M  PACT  AS  S  E  S  SM  ENT  T  ERM  IN  0  L  0  G  Y." 
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Appendix  IX:  Comparison  with  CUSEC  Earthquake 
Impact  Assessment 


The  purpose  of  this  appendix  is  to  provide  comparative  data  points  for  the  main  analysis, 
and  to  verify  that  consistent  results  are  being  obtained  in  the  Central  US  regions  when 
undertaken  by  different  groups.  Moreover,  the  CUSEC  analyses  were  used  in  the 
SONS07  workshops.  Providing  comparisons  between  CUSEC  and  the  MAE  Center- 
George  Washington  University  study  is  necessary  for  the  calibration  of  response 
measures  intended  to  be  employed  by  agencies  involved  in  both  SONS07  and  the  current 
FEMA-lead  effort.  All  scenarios  in  this  appendix  employ  the  New  Madrid  Seismic  Zone 
(NMSZ)  southwest  segment  event.  Liquefaction  susceptibility  data  was  included  in  this 
analysis,  though  all  other  impact  assessment  parameters  remained  at  the  default  setting 
within  the  program.  No  scenarios  were  completed  for  the  Wabash  Valley  Seismic  Zone 
or  the  East  Tennessee  Seismic  Zone  earthquakes.  As  a  result,  no  comparisons  are  made 
with  the  scenarios  completed  by  the  MAE  Center  in  the  investigation  presented  in  the 
main  body  of  the  report.  All  scenarios  discussed  in  this  appendix  refer  to  the  NMSZ 
southwest  segment  event  and  results  are  shown  for  the  critical  counties  only  since  the 
CUSEC  analyses  only  include  the  areas  identified  as  critical  counties  in  this  study. 


Alabama 


Table  1:  Damage  by  General  Occupancy  for  the  State  of  Alabama 


Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

MAEC 

227,442 

13,052 

2,856 

63 

0 

243,419 

CUSEC 

223,226 

14,228 

5,502 

437 

26 

243,419 

Table  2:  Hospital  Functionality  for  the  State  of  Alabama 


Total 
#  of 
Beds 

Da^ 

i  1 

Daj 

f  3 

Da] 

!  7 

Day  30 

Day  90 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#of 

Beds 

% 

MAEC 

2,624 

2,134 

81.3 

2,142 

81.6 

2,492 

95.0 

2,620 

99.8 

2,621 

99.9 

CUSEC 

2,254 

1,821 

80.8 

1,826 

81.0 

2,080 

92.3 

2,238 

99.3 

2,243 

99.5 

Table  3:  Households  without  Potable  Water  for  the  State  of  Alabama 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

248,471 

0 

0 

0 

0 

0 

CUSEC 

248,471 

0 

0 

0 

0 

0 

Table  4:  Damage  to  Potable  Water  Facilities  for  the  State  of  Alabama 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

7 

0 

0 

CUSEC 

7 

0 

0 

912 


Table  5:  Damage  to  Potable  Water  Pipelines  for  the  State  of  Alabama 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

20,629 

152 

37 

CUSEC 

33,222 

112 

28 

Table  6:  Electrical  Power  System  Performance  for  the  State  of  Alabama 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

248,471 

0 

0 

0 

0 

0 

CUSEC 

248,471 

0 

0 

0 

0 

0 

Table  7:  Damage  to  Waste  Water  Facilities  for  the  State  of  Alabama 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

63 

3 

0 

CUSEC 

42 

1 

0 

Table  8:  Damage  to  Waste  Water  Pipelines  for  the  State  of  Alabama 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

12,378 

121 

30 

CUSEC 

19,933 

88 

22 

Table  9:  Damage  to  Highway  Bridges 


#  of  Bridges 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

2,366 

18 

1 

CUSEC 

1,935 

13 

0 

Table  10:  Debris  Summary  Report  for  the  State  of  Alabama 


Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

MAEC 

32.7 

12.2 

45.0 

CUSEC 

53.0 

26.0 

78.0 

Table  11:  Shelter  Requirements  for  the  State  of  Alabama 


No.  of  Displaced  Residences 

No.  People  Needing  Short-Term  Shelter 

MAEC 

27 

5 

CUSEC 

89 

25 

Table  12:  Worst  Case  Casualties  for  the  State  of  Alabama 


Level  1 
(Minor 
Injury) 

Level  II 

(Moderate  Injury  - 
Delayed 
Attention) 

Level  III 
(Severe  Injury- 
Immediate 
Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

MAEC  (5PM) 

29 

1 

0 

0 

30 

CUSEC  (2AM) 

64 

7 

0 

1 

72 

913 


Table  13:  Total  Direct  Economic  Losses  for  the  State  of  Alabama 


System 

MAEC 

CUSEC 

Buildings 

$264,939,000 

$129,322,000 

Transportation 

$19,734,000 

$9,340,000 

Utility 

$175,662,000 

$28,514,000 

Total 

$460,335,000 

$167,176,000 

Arkansas 


Table  14:  Damage  by  General  Occupancy  for  the  State  of  Arkansas 


Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

MAEC 

368,648 

83,427 

41,327 

18,332 

50,159 

561,893 

CUSEC 

359,205 

84,171 

49,306 

16,428 

52,796 

561,906 

Table  15:  Hospital  Functionality  for  the  State  of  Arkansas 


Total 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

MAEC 

7,222 

3,101 

42.9 

3,130 

43.3 

4,395 

60.9 

5,719 

79.2 

5,978 

82.8 

CUSEC 

6,979 

3,246 

46.5 

3,268 

46.8 

4,175 

59.8 

5,515 

79.0 

5,850 

83.8 

Table  16:  Households  without  Potable  Water  for  the  State  of  Arkansas 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

519,225 

175,565 

174,382 

171,216 

132,671 

79,736 

CUSEC 

519,225 

176,151 

175,059 

172,140 

134,692 

92,600 

Table  17:  Damage  to  Potable  Water  Facilities  for  the  State  of  Arkansas 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

31 

7 

1 

CUSEC 

31 

6 

1 

Table  18:  Damage  to  Potable  Water  Pipelines  for  the  State  of  Arkansas 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

85,192 

19,309 

29,673 

CUSEC 

85,195 

19,983 

32,239 

Table  19:  Electrical  Power  System  Performance  for  the  State  of  Arkansas 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

519,225 

95,309 

68,562 

39,397 

13,540 

113 

CUSEC 

519,225 

96,438 

70,923 

42,544 

15,291 

112 

Table  20:  Damage  to  Waste  Water  Facilities  for  the  State  of  Arkansas 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

229 

90 

23 

CUSEC 

229 

90 

24 

914 


Table  21:  Damage  to  Waste  Water  Pipelines  for  the  State  of  Arkansas 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

51,117 

15,267 

23,467 

CUSEC 

51,117 

15,805 

25,498 

Table  22:  Damage  to  Highway  Bridges  for  the  State  of  Arkansas 


#  of  Bridges 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

2,883 

775 

512 

CUSEC 

2,879 

287 

167 

Table  23:  Debris  Summary  Report  for  the  State  of  Arkansas 


Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

MAEC 

3,361 

3,708 

7,069 

CUSEC 

3,526 

3,624 

7,150 

Table  24:  Shelter  Requirements  for  the  State  of  Arkansas 


No.  of  Displaced  Residences 

No.  People  Needing  Short-Term  Shelter 

MAEC 

126,987 

37,244 

CUSEC 

47,694 

13,865 

Table  25:  Worst  Case  Casualties  for  the  State  of  Arkansas 


Level  1 
(Minor 
Injury) 

Level  II 

(Moderate  Injury  - 
Delayed 
Attention) 

Level  III 

(Severe  Injury  - 
Immediate 
Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

MAEC  (2AM) 

8,883 

2,648 

409 

742 

12,682 

CUSEC  (2AM) 

10,847 

2,963 

330 

612 

14,751 

Table  26:  Total  Direct  Economic  Losses  for  the  State  of  Arkansas 


System 

MAEC 

CUSEC 

Buildings 

$12,533,364,000 

$11,681,053,000 

Transportation 

$1,946,586,000 

$1,977,353,000 

Utility 

$3,794,526,000 

$4,142,127,000 

Total 

$18,274,476,000 

$17,800,533,000 

Illinois 


Table  27:  Damage  by  General  Occupancy  for  the  State  of  Illinois 


Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

MAEC 

352,043 

48,140 

20,321 

5,711 

16,857 

443,072 

CUSEC 

402,264 

24,818 

10,204 

1,521 

4,267 

443,074 

915 


Table  28:  Hospital  Functionality  for  the  State  of  Illinois 


Total 
#  of 
Beds 

Da^ 

/ 1 

Da] 

/  3 

Da] 

/7 

Day  30 

Day  90 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

MAEC 

6,814 

4,202 

61.7 

4,224 

62.0 

5,186 

76.1 

6,113 

89.7 

6,312 

92.6 

CUSEC 

5,796 

4,782 

82.5 

4,793 

82.7 

5,212 

89.9 

5,577 

96.2 

5,639 

97.3 

Table  29:  Households  without  Potable  Water  for  the  State  of  Illinois 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

524,859 

69,661 

48,146 

24,347 

6,672 

76 

CUSEC 

524,859 

20,357 

17,003 

10,781 

0 

0 

Table  30:  Damage  to  Potable  Water  Facilities  for  the  State  of  Illinois 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

74 

18 

3 

CUSEC 

74 

3 

0 

Table  31:  Damage  to  Potable  Water  Pipelines  for  the  State  of  Illinois 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

79,646 

4,857 

5,243 

CUSEC 

79,646 

610 

1,491 

Table  32:  Electrical  Power  System  Performance  for  the  State  of  Illinois 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

524,859 

69,641 

48,139 

24,340 

6,678 

83 

CUSEC 

524,859 

0 

0 

0 

0 

0 

Table  33:  Damage  to  Waste  Water  Facilities  for  the  State  of  Illinois 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

2,221 

642 

78 

CUSEC 

300 

18 

1 

Table  34:  Damage  to  Waste  Water  Pipelines  for  the  State  of  Illinois 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

47,788 

3,842 

4,147 

CUSEC 

47,788 

483 

1,179 

Table  35:  Damage  to  Highway  Bridges  for  the  State  of  Illinois 


#  of  Bridges 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

6,554 

432 

242 

CUSEC 

6,554 

106 

57 

Table  36:  Debris  Summary  Report  for  the  State  of  Illinois 


Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

MAEC 

1,214 

1,143 

2,358 

CUSEC 

385 

285 

669 

916 


Table  37:  Shelter  Requirements  for  the  State  of  Illinois 


No.  of  Displaced  Residences 

No.  People  Needing  Short-Term  Shelter 

MAEC 

51,381 

14,706 

CUSEC 

5,042 

1,376 

Table  38:  Worst  Case  Casualties  for  the  State  of  Illinois 


Level  1 
(Minor 
Injury) 

Level  II 

(Moderate  Injury  - 
Delayed 
Attention) 

Level  III 

(Severe  Injury  - 
Immediate 
Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

MAEC  (2AM) 

4,478 

1,236 

146 

276 

6,136 

CUSEC  (2AM) 

1,074 

277 

30 

56 

1,438 

Table  39:  Total  Direct  Economic  Losses  for  the  State  of  Illinois 


System 

MAEC 

CUSEC 

Buildings 

$4,868,224,000 

$1,246,257,000 

Transportation 

$841,922,000 

$267,402,000 

Utility 

$25,372,048,000 

$678,455,000 

Total 

$31,082,194,000 

$2,192,114,000 

Indiana 


Table  40:  Damage  by  General  Occupancy  for  the  State  of  Indiana 


Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

MAEC 

141,978 

14,010 

3,281 

135 

1 

159,414 

CUSEC 

147,672 

8,063 

2,901 

377 

401 

159,414 

Table  41:  Hospital  Functionality  for  the  State  of  Indiana 


Total 
#  of 
Beds 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

MAEC 

2,101 

1,347 

64.1 

1,354 

64.4 

1,690 

80.4 

1,995 

95.0 

2,009 

95.6 

CUSEC 

2,012 

1,720 

85.5 

1,724 

85.7 

1,867 

92.8 

1,984 

98.6 

1,998 

99.3 

Table  42:  Households  without  Potable  Water  for  the  State  of  Indiana 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

188,251 

44,112 

34,801 

11,073 

0 

0 

CUSEC 

188,251 

2 

0 

0 

0 

0 

Table  43:  Damage  to  Potable  Water  Facilities  for  the  State  of  Indiana 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

16 

1 

0 

CUSEC 

16 

0 

0 

917 


Table  44:  Damage  to  Potable  Water  Pipelines  for  the  State  of  Indiana 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

22,653 

221 

597 

CUSEC 

22,654 

74 

49 

Table  45:  Electrical  Power  System  Performance  for  the  State  of  Indiana 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

188,251 

0 

0 

0 

0 

0 

CUSEC 

188,251 

0 

0 

0 

0 

0 

Table  46:  Damage  to  Waste  Water  Facilities  for  the  State  of  Indiana 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

52 

3 

0 

CUSEC 

52 

0 

0 

Table  47:  Damage  to  Waste  Water  Pipelines  for  the  State  of  Indiana 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

13,594 

172 

469 

CUSEC 

13,592 

59 

39 

Table  48:  Damage  to  Highway  Bridges  for  the  State  of  Indiana 


#  of  Bridges 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

2,214 

76 

14 

CUSEC 

2,214 

2 

0 

Table  49:  Debris  Summary  Report  for  the  State  of  Indiana 


Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

MAEC 

107.3 

64.7 

172.0 

CUSEC 

98.0 

59.0 

158.0 

Table  50:  Shelter  Requirements  for  the  State  of  Indiana 


No.  of  Displaced  Residences 

No.  People  Needing  Short-Term  Shelter 

MAEC 

52 

13 

CUSEC 

549 

141 

Table  51:  Worst  Case  Casualties  for  the  State  of  Indiana 


Level  1 
(Minor 
Injury) 

Level  II 

(Moderate  Injury  - 
Delayed 
Attention) 

Level  III 

(Severe  Injury  - 
Immediate 
Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

MAEC  (5PM) 

57 

12 

12 

2 

84 

CUSEC  (2AM) 

143 

31 

3 

6 

183 

Table  52:  Total  Direct  Economic  Losses  for  the  State  of  Indiana 


System 

MAEC 

CUSEC 

Buildings 

$348,068,000 

$230,130,000 

Transportation 

$69,853,000 

$20,278,000 

Utility 

$430,017,000 

$34,521,000 

Total 

$847,938,000 

$284,929,000 

918 


Kentucky 


Table  53:  Damage  by  General  Occupancy  for  the  State  of  Kentucky 


Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

MAEC 

135,946 

27,878 

32,403 

17,297 

28,891 

242,337 

CUSEC 

179,147 

25,914 

14,468 

5,203 

17,618 

242,350 

Table  54:  Hospital  Functionality  for  the  State  of  Kentucky 


Total 
#  of 
Beds 

Da^ 

/ 1 

Da] 

f  3 

Da] 

n 

Day  30 

Day  90 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

MAEC 

3,312 

1,314 

39.7 

1,323 

39.9 

1,685 

50.9 

2,131 

64.3 

2,271 

68.6 

CUSEC 

3,112 

2,155 

69.2 

2,162 

69.5 

2,408 

77.4 

2,708 

87.0 

2,792 

89.7 

Table  55:  Households  without  Potable  Water  for  the  State  of  Kentucky 


#of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

256,132 

80,808 

65,328 

39,301 

14,371 

0 

CUSEC 

253,853 

75,168 

71,778 

64,250 

14,039 

0 

Table  56:  Damage  to  Potable  Water  Facilities  for  the  State  of  Kentucky 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

36 

14 

2 

CUSEC 

36 

4 

0 

Table  57:  Damage  to  Potable  Water  Pipelines  for  the  State  of  Kentucky 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

35,884 

7,351 

7,116 

CUSEC 

35,884 

1,757 

4,728 

Table  58:  Electrical  Power  System  Performance  for  the  State  of  Kentucky 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

256,132 

51,079 

37,329 

20,113 

5,613 

58 

CUSEC 

253,853 

7,333 

4,590 

2,174 

700 

9 

Table  59:  Damage  to  Waste  Water  Facilities  for  the  State  of  Kentucky 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

1,561 

661 

170 

CUSEC 

93 

17 

2 

Table  60:  Damage  to  Waste  Water  Pipelines  for  the  State  of  Kentucky 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

21,532 

5,813 

5,631 

CUSEC 

21,530 

1,390 

3,740 

919 


Table  61:  Damage  to  Highway  Bridges  for  the  State  of  Kentucky 


#  of  Bridges 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

2,173 

368 

203 

CUSEC 

2,082 

132 

82 

Table  62:  Debris  Summary  Report  for  the  State  of  Kentucky 


Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

MAEC 

2,136 

2,337 

4,473 

CUSEC 

1,100 

1,144 

2,244 

Table  63:  Shelter  Requirements  for  the  State  of  Kentucky 


No.  of  Displaced  Residences 

No.  People  Needing  Short-Term  Shelter 

MAEC 

52,964 

13,904 

CUSEC 

18,168 

4,925 

Table  64:  Worst  Case  Casualties  for  the  State  of  Kentucky 


Level  1 
(Minor 
Injury) 

Level  II 

(Moderate  Injury 
-  Delayed 
Attention) 

Level  III 

(Severe  Injury  - 
Immediate 
Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

MAEC  (2PM) 

6,722 

2,051 

318 

593 

12,584 

CUSEC  (2AM) 

3,463 

932 

96 

176 

4,667 

Table  65:  Total  Direct  Economic  Losses  for  the  State  of  Kentucky 


System 

MAEC 

CUSEC 

Buildings 

$9,221,413,000 

$4,218,542,000 

Transportation 

$990,682,000 

$880,577,000 

Utility 

$23,302,503,000 

$716,440,000 

Total 

$33,524,598,000 

$5,815,559,000 

Mississippi 


Table  66:  Damage  by  General  Occupancy  for  the  State  of  Mississippi 


Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

MAEC 

167,551 

61,934 

23,844 

11,399 

7,300 

272,027 

CUSEC 

166,536 

52,522 

28,283 

8,342 

16,362 

272,045 

Table  67:  Hospital  Functionality  for  the  State  of  Mississippi 


Total 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

MAEC 

2,659 

779 

29.3 

790 

29.7 

1,272 

47.8 

1,959 

73.7 

2,174 

81.8 

CUSEC 

3,312 

1,314 

39.7 

1,326 

40.0 

1,778 

53.7 

2,547 

76.9 

2,798 

84.5 

920 


Table  68:  Households  without  Potable  Water  for  the  State  of  Mississippi 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

275,342 

41,790 

40,256 

39,752 

28,749 

0 

CUSEC 

275,342 

62,670 

61,956 

59,729 

35,492 

0 

Table  69:  Damage  to  Potable  Water  Facilities  for  the  State  of  Mississippi 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

3 

1 

0 

CUSEC 

3 

0 

0 

Table  70:  Damage  to  Potable  Water  Pipelines  for  the  State  of  Mississippi 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

31,053 

2,448 

2,566 

CUSEC 

50,006 

2,223 

4,093 

Table  71:  Electrical  Power  System  Performance  for  the  State  of  Mississippi 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

275,342 

32,601 

18,416 

6,452 

1,276 

44 

CUSEC 

275,342 

8,685 

4,944 

2,011 

607 

12 

Table  72:  Damage  to  Waste  Water  Facilities  for  the  State  of  Mississippi 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

630 

176 

8 

CUSEC 

116 

20 

1 

Table  73:  Damage  to  Waste  Water  Pipelines  for  the  State  of  Mississippi 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

30,007 

1,935 

2,030 

CUSEC 

30,004 

1,758 

3,237 

Table  74:  Damage  to  Highway  Bridges  for  the  State  of  Mississippi 


#  of  Bridges 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

5,043 

300 

100 

CUSEC 

4,032 

233 

122 

Table  75:  Debris  Summary  Report  for  the  State  of  Mississippi 


Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

MAEC 

905 

1,288 

2,193 

CUSEC 

1,166 

1,259 

2,425 

Table  76:  Shelter  Requirements  for  the  State  of  Mississippi 


No.  of  Displaced  Residences 

No.  People  Needing  Short-Term  Shelter 

MAEC 

20,832 

5,555 

CUSEC 

15,086 

3,926 

921 


Table  77:  Worst  Case  Casualties  for  the  State  of  Mississippi 


Level  1 
(Minor 
Injury) 

Level  II 

(Moderate  Injury 
-  Delayed 
Attention) 

Level  III 

(Severe  Injury  - 
Immediate 
Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

MAEC  (2PM) 

2,036 

474 

45 

86 

2,646 

CUSEC  (2AM) 

3,484 

878 

81 

145 

4,588 

Table  78:  Total  Direct  Economic  Losses  for  the  State  of  Mississippi 


System 

MAEC 

CUSEC 

Buildings 

$3,591,980,000 

$4,213,844,000 

Transportation 

$224,612,000 

$321,705,000 

Utility 

$4,659,756,000 

$580,516,000 

Total 

$8,476,348,000 

$5,116,065,000 

Missouri 


Table  79:  Damage  by  General  Occupancy  for  the  State  of  Missouri 


Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

MAEC 

780,084 

81,136 

32,675 

13,456 

36,889 

944,241 

CUSEC 

831,862 

59,568 

25,692 

6,418 

20,729 

944,269 

Table  80:  Hospital  Functionality  for  the  State  of  Missouri 


Total 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#of 

Beds 

% 

MAEC 

15,023 

9,875 

65.7 

9,926 

66.1 

11,985 

79.8 

13,988 

93.1 

14,164 

94.3 

CUSEC 

12,648 

9,826 

77.7 

9,853 

77.9 

10,825 

85.6 

11,767 

93.0 

11,944 

94.4 

Table  81:  Households  without  Potable  Water  for  the  State  of  Missouri 


#of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

1,184,976 

146,376 

115,385 

79,849 

77,817 

38,425 

CUSEC 

1,184,976 

93,066 

87,846 

78,000 

66,313 

38,744 

Table  82:  Damage  to  Potable  Water  Facilities  for  the  State  of  Missouri 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

3,413 

843 

179 

CUSEC 

52 

13 

3 

Table  83:  Damage  to  Potable  Water  Pipelines  for  the  State  of  Missouri 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

71,169 

13,501 

20,020 

CUSEC 

114,598 

9,539 

17,003 

922 


Table  84:  Electrical  Power  System  Performance  for  the  State  of  Missouri 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

1,184,976 

100,141 

70,719 

39,500 

12,957 

119 

CUSEC 

1,184,976 

40,254 

28,491 

16,897 

6,326 

49 

Table  85:  Damage  to  Waste  Water  Facilities  for  the  State  of  Missouri 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

605 

107 

21 

CUSEC 

626 

54 

11 

Table  86:  Damage  to  Waste  Water  Pipelines  for  the  State  of  Missouri 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

42,698 

10,674 

15,837 

CUSEC 

68,759 

7,544 

13,448 

Table  87:  Damage  to  Highway  Bridges  for  the  State  of  Missouri 


#  of  Bridges 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

7,803 

1,306 

879 

CUSEC 

7,803 

800 

564 

Table  88:  Debris  Summary  Report  for  the  State  of  Missouri 


Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

MAEC 

3,171 

3,386 

6,565 

CUSEC 

1,750 

1,575 

3,325 

Table  89:  Shelter  Requirements  for  the  State  of  Missouri 


No.  of  Displaced  Residences 

No.  People  Needing  Short-Term  Shelter 

MAEC 

121,927 

28,999 

CUSEC 

25,215 

7,292 

Table  90:  Worst  Case  Casualties  for  the  State  of  Missouri 


Level  1 
(Minor 
Injury) 

Level  II 

(Moderate  Injury  - 
Delayed 
Attention) 

Level  III 

(Severe  Injury  - 
Immediate 
Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

MAEC  (2AM) 

11,267 

3,177 

401 

760 

15,605 

CUSEC  (2AM) 

5,871 

1,614 

193 

364 

8,042 

Table  91:  Total  Direct  Economic  Losses  for  the  State  of  Missouri 


System 

MAEC 

CUSEC 

Buildings 

$11,690,440,000 

$5,528,119,000 

Transportation 

$1,727,420,000 

$1,200,249,000 

Utility 

$24,502,340,000 

$2,886,090,000 

Total 

$37,920,200,000 

$9,614,458,000 

923 


Tennessee 


Table  92:  Damage  by  General  Occupancy  for  the  State  of  Tennessee 


Green 

(None) 

Green 

(Slight) 

Green 

(Moderate) 

Yellow 

(Extensive) 

Red 

(Complete) 

Total 

MAEC 

495,284 

192,666 

131,358 

42,367 

81,907 

943,580 

CUSEC 

609,392 

128,847 

67,201 

22,572 

115,591 

943,603 

Table  93:  Hospital  Functionality  for  the  State  of  Tennessee 


Total 

Day  1 

Day  3 

Day  7 

Day  30 

Day  90 

#  of 
Beds 

#  of 
Beds 

% 

#  of 
Beds 

% 

#  of 
Beds 

% 

#of 

Beds 

% 

#of 

Beds 

% 

MAEC 

15,351 

7,018 

45.7 

7,053 

45.9 

8,311 

54.1 

11,821 

77.0 

12,884 

83.9 

CUSEC 

12,002 

5,566 

46.4 

5,592 

46.6 

6,533 

54.4 

8,299 

69.1 

9,093 

75.8 

Table  94:  Households  without  Potable  Water  for  the  State  of  Tennessee 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

1,041,220 

446,873 

433,653 

408,184 

360,565 

164,784 

CUSEC 

1,041,220 

533,925 

531,864 

526,080 

424,725 

317,321 

Table  95:  Damage  to  Potable  Water  Facilities  for  the  State  of  Tennessee 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

30 

12 

3 

CUSEC 

30 

8 

2 

Table  96:  Damage  to  Potable  Water  Pipelines  for  the  State  of  Tennessee 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

49,280 

18,539 

12,242 

CUSEC 

79,354 

11,419 

24,050 

Table  97:  Electrical  Power  System  Performance  for  the  State  of  Tennessee 


#  of 

Households 

At  day  1 

At  day  3 

At  day  7 

At  day  30 

At  day  90 

MAEC 

1,041,220 

426,576 

296,234 

146,292 

37,714 

507 

CUSEC 

1,041,220 

262,730 

162,971 

76,363 

24,269 

341 

Table  98:  Damage  to  Waste  Water  Facilities  for  the  State  of  Tennessee 


#  of  Facilities 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

742 

366 

76 

CUSEC 

188 

70 

15 

Table  99:  Damage  to  Waste  Water  Pipelines  for  the  State  of  Tennessee 


Length  (miles) 

Total  Number  of  Leaks 

Total  Number  of  Breaks 

MAEC 

29,568 

14,662 

9,683 

CUSEC 

47,613 

9,032 

19,021 

924 


Table  100:  Damage  to  Highway  Bridges  for  the  State  of  Tennessee 


#  of  Bridges 

At  Least  Moderate  Damage 

Complete  Damage 

MAEC 

3,815 

953 

567 

CUSEC 

2,815 

674 

444 

Table  101:  Debris  Summary  Report  for  the  State  of  Tennessee 


Brick,  Wood  &  Others 
(Thousands  of  Tons) 

Concrete  &  Steel 
(Thousands  of  Tons) 

Total 

(Thousands  of  Tons) 

MAEC 

8,767 

11,846 

20,613 

CUSEC 

7,554 

8,282 

15,836 

Table  102:  Shelter  Requirements  for  the  State  of  Tennessee 


No.  of  Displaced  Residences 

No.  People  Needing  Short-Term  Shelter 

MAEC 

262,907 

73,293 

CUSEC 

129,869 

36,454 

Table  103:  Worst  Case  Casualties  for  the  State  of  Tennessee 


Level  1 
(Minor 
Injury) 

Level  II 

(Moderate  Injury  - 
Delayed 
Attention) 

Level  III 

(Severe  Injury  - 
Immediate 
Attention) 

Level  IV 
(Fatality) 

Total 

Casualties 

MAEC  (2PM) 

31,913 

9,706 

1,544 

2,904 

46,067 

CUSEC  (2PM) 

25,692 

7,696 

1,182 

2,183 

36,752 

Table  104:  Total  Direct  Economic  Losses  for  the  State  of  Tennessee 


System 

MAEC 

CUSEC 

Buildings 

$40,192,166,000 

$30,557,641,000 

Transportation 

$1,645,129,000 

$2,181,371,000 

Utility 

$14,221,248,000 

$2,941,503,000 

Total 

$56,058,543,000 

$35,680,515,000 

925 


This  report  is  the  outcome  of  one  of  the  largest  and  most  comprehensive  earthquake 
consequence  assessment  projects  funded  by  the  Federal  Emergency  Management 
Agency  (FEMA).  The  report  contains  earthquake  impact  assessments  for  the  8 
central  US  (CUSEC)  states.  It  reports  damage  and  other  consequences  to  the  built 
environment  as  well  as  social  and  economic  impacts.  The  earthquake  scenarios 
used  represent  the  New  Madrid,  the  Wabash  Valley  and  the  East  Tennessee  seismic 
zones.  The  analysis  employs  new  and  more  reliable  hazard  and  inventory  data  that 
has  not  been  used  before.  The  work  was  undertaken  in  partnership  with  the  Institute 
for  Crisis,  Disaster  and  Risk  Management  at  the  George  Washington  University,  with 
contributions  for  the  8  State  Geological  Surveys,  IEM,  FEMA,  US  Geological  Survey 
and  the  Central  US  Earthquake  Consortium. 
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